


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 


DSpace Repository 


Theses and Dissertations 


1994-03 


1. Thesis and Dissertation Collection, all items 


Improvement of JANUS target acquisition 
using a fuzzy logic human factors model. 


Miller, Marvin Lewis 


Monterey, California. Naval Postgraduate School 


http://ndl.handle.net/10945/28277 


Downloaded from NPS Archive: Calhoun 


atthe | DUDLEY 


WN] | ciseaRy 


http://www.nps.edu/library 





Calhoun is the Naval Postgraduate School's public access digital repository for 

research materials and institutional publications created by the NPS community. 

Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
appointed — and published — scholarly author. 


Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 


DUDLEY KNOX LIBRARY 
NAVAL POSTGRADUATE SCHOOL 
MONTEREY CA 93943-5101 


DUDLEY KNOX LIBRARY 
NAVAL POSTGRADUATE SCHOOL 
MONTEREY CA 93943-5101 





Approved for public release; distribution is unlimited 
IMPROVEMENT OF JANUS TARGET ACQUISITION 
USING A FUZZY LOGIC HUMAN FACTORS MODEL 

by 
Marvin Lewis Miller 


Lieutenant, United States Navy 
B.S., Western Michigan University, 1983 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN COMPUTER SCIENCE 
from the 
NAVAL POSTGRADUATE SCHOOL 


March 1994 


REPORT DOCUMENTATION PAGE 


Public reporting burden for this collection of information s estimated to average 1 hour per response, including the time reviewing instructions, searching exsting data sources 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding ths burden estimate or any other aspect of this 
oclweeticn ol inlormation, noluding tug zeslens lo tedueing the burden ts Washinglcr Headquarters Services, Orectorate lor bolornaten Opersicrs and Aepors, 1215 Jelersos 
Davis Highway, Sue 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503 








1. AGENCY USE ONLY (Leave Blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED 
March 1994 Master’s Thesis 


4. TITLE AND SUBTITLE 


IMPROVEMENT OF JANUS TARGET ACQUISITION USING 
A FUZZY LOGIC HUMAN FACTORS MODEL (U) 


5. FUNDING NUMBERS 


6. AUTHOR(S) 


Miller, Marvin Lewis 





8. PERFORMING ORGANIZATION 
REPORT NUMBER 





7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Naval Postgraduate School 


Monterey, CA 93943-5000 









9. SPONSORING/ MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/ MONITORING 
AGENCY REPORT NUMBER 


11, SUPPLEMENTARY NOTES 
The views expressed in this thesis are those of the author and do not reflect the official policy or position 


of the Department of Defense or the United States Government. 





12a. DISTRIBUTION / AVAILABIUTY STATEMENT 126. DISTRIBUTION CODE 


Approved for public release; distribution 1s unlimited. 








13. ABSTRACT (Maximum 200 words) 
Two questions have been addressed by this study. First, what factors affect human target detection, 


recognition, and identification performance? Second, how should these factors be simulated to provide 
enhanced realism in the JANUS (A) battlefield simulation system, specifically in the target acquisition 
phase of the JANUS (A) system? The approach taken was to survey subject matter experts, U.S. Army 
personnel familiar with target search and acquisition operations in real and simulated combat operations. 
Survey results were combined with previous research to model human factors effects on performance. A 
fuzzy logic model was implemented as a Common LISP computer program to show the feasibility and 
desirability of such a model for this type of human factors simulation. The results of this study include a 
set of human attributes and subfactors that affect target acquisition and that can be expanded as needed to 
model complex simulations of human battlefield performance. A working prototype fuzzy logic based 
program has been developed. The program provides an output that can be used for modifying the current 
JANUS (A) battlefield simulator target acquisition threshold for greater realism. 



























14, SUBJECT TERMS | a 
JANUS (A), battle simulation, target acquisition, fuzzy logic, human factors, 


15. NUMBER OF PAGES 
124 














17. SECURITY CLASSIFICATION 
OF REPORT 


Unclassified 


NSN 7540-01-280-5500 Standard Forin 298 (Rev. 2-89) 
] Prescribed by ANSI Std. 239-18 


RITY CLASSIFICATION 19. SECURITY CLASSIFICATION 
OF THIS PAGE OF ABSTRACT 


20. LIMITATION OF ABSTRACT 


Unclassified Unclassified Unlimited 





ABSTRACT 


Two questions have been addressed by this study. First, what factors affect human 
target detection, recognition, and identification performance? Second, how should these 
factors be simulated to provide enhanced realism in the JANUS (A) battlefield simulation 
system, specifically in the target acquisition phase of the JANUS (A) system? 

The approach taken was to survey subject matter experts, U.S. Army personnel 
familiar with target search and acquisition operations in real and simulated combat 
operations. Survey results were combined with previous research to model human factors 
effects on performance. A fuzzy logic model was implemented as a Common LISP 
computer program to show the feasibility and desirability of such a model for this type of 
human factors simulation. 

The results of this study include a set of human attributes and subfactors that affect 
target acquisition and that can be expanded as needed to model complex simulations of 
human battlefield performance. A working prototype fuzzy logic based program has been 
developed. The program provides an output that can be used for modifying the current 


JANUS (A) battlefield simulator target acquisition threshold for greater realism. 


1 


TABLE OF CONTENTS 


I. INTRODUCTITON vos: foccssccSeS ee eccsshinenseeeen oes 
A. JANUS COMBAT SIMULATION SYSTEM. ................:000:0000c00-.-.-0 ee ] 
B. HUMAN FACTORS SIMULATION ..}..................2..00se00sessseesen000s.00 nnn 3 

1. | Human Factors Research ..22 ice stoeseensctseeeeece 3 
2. Human Factors in Combat Simulations .........................0.0.-25sss nea 4 
3. Fuzzy Logic in Human Factots..................000.«00«++0+0+.000.1-0..... 5 
C. JANUS (A) TARGET ACQUISITION MODEL.......... cee eeeeeeeneeenerenneees 5 
1, Model Initialization.....................cccceseseesssceensesdueusvsessecsstnesnas ott 6 
2. Potential Target Determinatiom...............000.-<c¢c.s10r72409 1010000 i 
3. Detection Determination ..........c.c0..ccccccensece+sssnannensesseesessssine eta 9 
4. Realistic Modeling of Target Acquisition...................-----.-----.aenann 10 
D. GOALS coocccccccdecicccatessccsisceeeetiadentas -slete oeeeedaeeaseesn ee eae 10 
E. ASSUMPTIONS 2 cccccic.cccccccs.sccstsacessecasddenatendenstencdeeses sonnet 11 
F. SCOPE... oo sssissisccsccsccaiatccsstdecseseccseccccoceste osdaeansessn£ss0eeeceett ante tte tea ie 

II. PROPOSED FUZZY LOGIC MODEL FOR. TARGET ACQUISITION.............. LS 

A. FUZZY SET THEORY conn. cccccicccceiiccscccssrcesesnesthoecateeunernt eee eae ae Ve: 
DL. QVELVIEW sievcscsessenis ti Weseboncstecdecsadsnccenseescleueatesseeeeeneeees tae 3 
2. Membership FunctiomS..............c.csesssecceeosasaseceevsoeresesst-2s 0 ee 14 

a. Curved Membership Functions ...........:.::::++sse0sc0r--++-s [5 
b. Straight Line Triangular Membership Functions ..................:06 16 
oF Straight Line Trapezoidal Membership Functions .................006 Uy 
3. Fuzzy Model Construction.................sesecectcc-000 cess 00st 18 
4. Fuzzy Set Operations ....:.,..:c0s000sses0++s00eeer00gssenterseereete4sy eee | 
a. FUZZIfICATION ...6....c0seceesncssnsvecsonendeseessassessveneetssssers sss) an 7a) | 
b. -_—sInt@rSeCtiOn): ........2.52222.2.085s008ss0s.05s0008 eee ee Le 
c. UM OMe. oes. ssccsiensscaeseaeecnseee etentennes ocese eeneeee sega ee aeeee eee 23 
d. Complement c...c2650..5.05sscseeiccssoosscdeese eee ceeeee eee Z3 
€; Other Fuzzy Operators ........:....:.0000ss.se0seseeeee0ecee 000202 24 
fi; Defuzzification .........0..5....sssso0000eeecadees atoedessssss9s9s 2 eer 24 

Il. PROPOSED HUMAN FACTORS FOR TARGET ACQUISITION ...........0000.0... a7 

A. MODELED HUMAN FACTORS. ......0.....csccssccccocsscsseeeeneseeenececes eee ya) 
l. Attributes Modeled vin. ..ciiciess.s.:..ssccesteesdsscsneeer ees ee eee 28 
a. Attention Level ..:..............0.20.. ee 28 
b.. Distraction Level o.......c:1.0..,s0:esssecsesessutpneesees= tes =eeeea ean 28 
Co Workload ..hsic.....0000schesecsodewsentessessteeQee eee teehee eee ee Us, 
d. Physical Stress and Fatigue .2......1.-22.yc.,)seeeese see 20 
e. Mental Stress ..:.......84)..cee ee 30 
f. Vigilance Level scccccncnenie sie e eee 30 
2. Attribute Subfactors........22.y.cco eee oe 3] 
a. Attention Level Subfactors ..254.2002.-..ceee onl 
b. Distraction Subfactors 222..5.. 2 65, 


iV 


DUDLEY KNOX LIBRARY 
NAVAL POSTGRADUATE SCHOOL 
MONTEREY CA 93943-5101 


Ce, Ny OUKIOAd SUD RACLOl ome er riieetses nt tee nir aevca cua sooars eee cad sn geenea te: a5 

ds SVEhy sicalestess ane ateue SUDFACIOES cicciicnsetevcesco toc iecsece cee af) 

Cx MENIEMrab SIESS SUD LAC LOIS remanent ema itniaechateiaussuess-boans- ct Sbecaess 41 

f. NY dO ES eMC le OUI AC LORS ete cuesesvs-cecaksagedsats, cdeesunee hs 43 

ee els Cty) lee PING AIN A OR S ete eee eysedessssvenessanaaeasensinevecdemaeeest 45 
ae A COLLECTION AND ANALY SIS seca icacovecennaaserdececte ea iiewsssiecbeemens 47 
A. COLLECTION OF SUBJECT MATTER EXPERT OPINIONG .................. 47 
NBER SV ON Tl OPEV Cl red dN) 716 anand ance oa A pe ee nA 47 

De MWe [Clava ULC INTE CIN CIUG saadtcrterenn castes. gyeies mien aae eh saavngsoor Sicseduy.sacee vend 47 

Sis! WOMESM Omar LCV CLO PINE alter cere ta rte css esecse1e eh cores ees insets vedererdni dis 48 

Ag PSU Gia A HAMS UL ta OI) senate at, crmene ss. c,utimnsitns tessa bicssk ts (ousntsosuasensene 48 

pete atic ain eeOnn in aslOM ean cae nineties een oe snureescneonetaieiortleaceessecoessPesesesneee 49 

25) TBS ONE 7G 2.) 211) 5g TNS.) (01d ae Rae el ties re eet none iy et ee 50 
ee RS SUEVES Re GUILS Tors Ubi AC LON LIMP ORVANCE Necct-c5.5c0;tcrsbne-ece catontcceassaveess 50 

Ze SOUTVEY RESINS 1On 7 itUtOULe Lalo Ollam@ © ayes is,011 gsiecetercnses essa eves econ’ =): 

Sms counvcy Kesults tor Limouistic Vv amable REVels vi..i1c.50. 50 tenessserenisess+003 54 

Co oy ARE Ss OME Dose 6) Sis S52) GG) ys Bess 158 ak ieee mn een nee en aaron 55 
lee oe OUMIEN I CSUITS TO SUULAClOr IMPORTANCE. ...2.<0-1c0sen0s000 22-01 -0-2e0-<s0sece ses. 518, 

Pe) SuUnvey NESS Lol A (tmnliee IM OIMANCe egegycecsasc1oaeececey ccs theslsalsieecse 58 

oa. oumvey Results for Linguistic Vartable Level scsisiiiisssss..s0c.s0ss00s000cdeaee by 

| ITS V8 ei as SO). UPN) Rel FOC) REE i ore ee ee ro 60 
| Soh ipo oie) geeyicey blo (2 Cerio) 29 ocre 1.09 0 As ance ee ene ee 60 

2 P COMpPanSOm Oh Aulii OU te tk AllnlINS Shanty oes Gen gaan teev acer ceetuwece 20tos Ges scents dee 62 

oe ¢ Compatison of Linguistic ¥ arable V ae Sinc.t120.2054¢,1900cdssieseisncay pee seeeann 63 

4s Possible Explanations of Survey Differences .:.<6)5.4.05..<215..00 esses aeessess 63 
eee AZ oeOG IC MODEL, DESCRIPTION i. euciccirieeerlieecineosdasctevas desea tetoaneeds 65 
A. JANUS (A) TARGET ACQUISITION MODIFICATION ....... eee 65 
es, VACR OS (eNO Bs SE UN I en VE Ws 6 |! a eer 66 
re AZ LOGIC MOD EIC OPER ATION iy esis. cacteveriderksscwteecsserdscaceseeaezacee 67 
Le Wise ekwrshinee arial vartale | eae, cece aac keene erent et nee ee ne Ee 67 

RMI ISS N01 Rae ae aera ee ee eee 68 

a. Setting Attribute Weights and Linguistic Values ............. eee 70 

b. Setting Subfactor Weights and Linguistic Values .................00 72 

Cp POCHIe a SIM leCO UU FAY ANIC. caccscensequsnncat-cyacestte-acetassaleds rusueeess fs 

Cy Woe iN PUT OIG eeu ease ede AM ec des see stan doc ceesae tates eee het eto 73 

Cyc specie O)iiaclitey Gel en Hie cee tiee <A eae eo en ne eee oe 74 

dome SIBElCHIMDNAIN@M Ol PUUZZy SCES ua cetinitisncecesspsseeeccocstst-cteene- as cence os 74 

ba) #Detemmatron ot FinalsResultamt Seton ...:00c6<¢5.sasrneeesceetncsseravases jis 

Coe Dettzzitic aon: Ofeeimall OUGGUG .20c0i2 a: ante a5 ct et sone essays pects 76 

Pee ONCLUSIONS AND RECOMMENDATIONS .....c.ccccscccccccsssetessscsscsesssees cen ceseess 78 
xg MELON CALS LCOS IS Ra pe rare eve Ren pen Reet Pr Screen ere rn 78 
feo Tea Ce COP Iv ay lee) NMOL) ce sone y hie fete an dceme semertieaasatte eeniacCeestavaesacieeennccetsieeeda: 80 
JIT TEIN DD Is eT foe Or PRT See enn nr en Re ry nn ny et eee ee 81 


APPENDIX Bo wececesccssctendetscceensuease tee ds needs d0ses esa a tates See) 2 ae ae eee et oes. ee ee we 
LIST OF REFERENCES «...cccccieciccnce copes ccisigees es eee 113 
INITIAL DISTRIBUTION LIST a. cccccce cierto eres etre cen as) 


v1 














— SS > 


Table 1: 


Table 2: 


Table 3; 


Table 4: 


Table 3S: 


Table 6: 


mawle 7: 


Table 8: 


Table 9: 


Table 10: 


Table 11: 


Mabie |Z: 


Table 13: 


Table 14: 


Table 15: 


Table 16: 


able 17: 


Table 18: 


LIST OF TABLES 


BART ea ae tates OPIN MENT AN oes uscanecsawese es eapsieunsepusieosconsueaneasnancneaees 50 
RELATIVE IMPORTANCE OF ATTENTION LEVEL SUBFACTORS ....50 
RELATIVE IMPORTANCE OF DISTRACTION SUBFACTORS .............. 1 
RELATIVE IMPORTANCE OF WORKLOAD SUBFACTOR.G................. > 


RELATIVE IMPORTANCE OF PHYSICAL STRESS 
LO eve SCG Bl cell ed a 720 Gil 0 @) ces Mn pene Pe ys ete ae ee 52 


RELATIVE IMPORTANCE OF MENTAL STRESS SUBFACTORS ........ 53 
RELATIVE IMPORTANCE OF VIGILANCE LEVEL SUBFACTORG..... 53 


RELATIVE IMPORTANCE OF ATTRIBUTES FOR 
AU SOT Cn Fe ag (6) ) SON ee esas eta yee ears anewi sapere Maui ieacka pend sSheavaessvwanss 54 


EIN GNSS PL eS Te ey Ne Ae VTS tae oa gaa 00a ean ss hina sew sas vonrsanes >. 
RELATIVE IMPORTANCE OF ATTENTION LEVEL SUBFACTORS.... 55 
RELATIVE IMPORTANCE OF DISTRACTION SUBFACTORS ............. 56 
REWAtiVEAMPOR TANCE OF WORKLOAD SUBEPACTORS ....sccnasseeses 56 


RELATIVE IMPORTANCE OF PHYSICAL STRESS 
PSM Bnd LUAU eg pie Nes evn OUP ate es ces e an ez sisscalsaunienvs deen svasiastsepuasnevcoersae siete a, 


RELATIVE IMPORTANCE OF MENTAL STRESS SUBFACTORS ........ 58 
RELATIVE IMPORTANCE OF VIGILANCE LEVEL SUBFACTORSG..... 58 


RELATIVE IMPORTANCE OF ATTRIBUTES FOR 
Dee) D728 OU (sd Gy UG NU Ree re eee ee Ree eee eee 59 


IAUINGG IS IMG VY ARIABIE VAG WE WEN EIS eca.cce. oo eecee see ctee eceess ees: oy 


Vil 


Figure 1: 
Figure 2: 
Piguie o: 
Figure 4: 
Figure 5: 
Rigireeo: 
Figure 7: 
Figure 8: 
Figure 9: 


Figure 10: 


LIST OF FIGURES 


Bell-shaped Membership Function....................001...sss+....ss00105se nn 16 
Straight Line Tnangular Membership Function..............-..--.--.:cs eae VW 
Straight Line Trapezoidal Membership Function.................se:scscccccceeeees 18 
Example Fuzzy S€ts ..2.0.::cc2...1-00002-<0ce-0ceccececesaaeeceee=s¢ oe -=-0- eee 20 
Fuzzy Model including Hedge Variables.............................-saee 21 
Example Clipped Fuzzy Sets.......0.-.:ss0::010:0:s0000.0ss0s0008009 00 26 
Example Top Menu .2.3.c02.c.0..22 2032 ¢cc2csudeee eee) steamer 68 
Example Attribute Menu .,..:.....:::.+.s0sscssossssernnscensvensocecsseseeeee steam 69 
Example Subfactor Menu .......2...d:cc..ceucrcessssveesseeeessecaeseaees ase taannn vA 
Example Final Output Menu....,............c...22..c.-0cc0ce.000ee--0: 2 Ws 


Vill 





I. INTRODUCTION 


A. JANUS COMBAT SIMULATION SYSTEM 

JANUS is an Army-sponsored computer-based ground combat simulation system used 
for combat development and training. JANUS (A) is the most recent version of this system. 
It is an interactive, event-driven, two-sided, high-resolution ground combat simulator 
capable of simulating force levels from the individual soldier to division-sized units. The 
participants in the simulations, called “players,” control opposing forces, Blue or Red, from 
computer terminals by establishing or changing unit routes on a computer-generated map. 
Players can issue limited orders that provide fire support and place obstacles. 

JANUS (A) is an event-driven simulation system. This means that the simulation 1s 
updated asynchronously, as events occur, not at predetermined intervals by a master 
simulation clock, though a clock is used to track the simulated time of exercise and to 
update the simulation if no events have occurred in a given time. The system allows only 
two opposing forces per simulation, the Blue and Red forces, though each force may have 
up to 600 combat systems per simulation. [Ref 1} 

Primarily a ground combat simulator, JANUS (A) allows a maximum of 25 combat 
system types and 25 weapon system types per force per simulation. These forces can 
include ground maneuver or artillery units, engineer support, and resupply units. Included 
in the engineer support units 1s the ability to lay minefields, with up to 10 different types of 
mines and five types of dispensers simulated. Minefield breaching also is simulated, along 
with obstacles, such as ditches, abatis, and craters. 

JANUS (A) has the capability to include limited air units, both fixed and rotary wing. 
These air units simulate air-to-ground missions only, with no air-to-air capability provided. 

Each combat system in JANUS (A) is defined in a data table by entries such as weight, 


movement rate, sensors, etc. Because of the way they are defined in the data table, new 


combat systems can be added via a new set of table entries for that system. This allows a 
specific using activity to simulate systems pertinent to its training needs while maintaining 
commonality of the interfaces [Ref. 1]. Hence, training exercises conducted at one 
installation can be replayed or reviewed at other installations without the need for 
additional training in the use of JANUS (A). This system flexibility also enables the use of 
the JANUS (A) system for combat development, as new unit types can be entered and can 
interact with previously-defined unit types through the simulator. 

JANUS (A) simulations are conducted over terrain that is a digitized description of a 
portion of real-world terrain, with a resolution of 100 meters horizontally and 10 meters 
vertically. For a simulation run the terrain is divided into a square of 600x600 grid cells. 
These grid cells can be initialized as 25x25, 50x50, 100x100, or 200x200 meter sizes. 
Included in this terrain database are natural and cultural features such as various soil types 
(for modeling dust clouds), roads, vegetation, nvers, and buildings. Vegetation and man- 
made structures are not modeled as individual trees or buildings but as grid cells of 
buildings or of a particular type of vegetation. [Ref. 1] 

The JANUS (A) conflict model is a stochastic attrition model using line-of-sight 
calculations and acquisition of enemy targets within the terrain database for automatic or 
scenario-dependent engagements. Both direct fire and indirect fire engagements are 
supported. Ballistic calculations are not performed for determination of an engagement’s 
success. Direct fire results are determined by predetermined data sets for probability of kill, 


P,., and probability of hit, P,,, for each weapon-target combination. These data sets are 


functions of several variables such as range, target movement, target orientation, etc. 
Indirect fire results are determined using probability dispersions for round-to-round aim 
and dispersion errors, which are functions of target range, and target vulnerability, which 
is a function of target posture or exposure. For every engagement each shot fired is 
evaluated and a determination as to hit and kill outcomes is calculated. There is no partial 
kill capability; if a target is hit it is either killed or not; if not, its systems are not degraded 


in any way. Firing is subject to ammunition availability and supply constraints. [Ref. 1] 


B. HUMAN FACTORS SIMULATION 


1. Human Factors Research 

Human factors research has been conducted for many years, but it was not until 
the time of World War II that it held much interest outside academic circles.The size and 
scope of that conflict and the increasing complexity of the machines that became 
commonplace during the war saw a demand for research about the way human operators 
worked. Research topics included the attention span of radar operators, the best methods 
for pilot selection, the effects of various climates and protective clothing on human 
performance, and the factors affecting combat decision making. 

After the war human factors research was continued, though the interests shifted 
largely to commercial applications. Some research was still conducted for the military 
services but most dealt with factors influencing reliability, particularly where nuclear 
weapons were concerned. Most of the civilian research has been concentrated in the areas 
of production efficiency and worker productivity [Ref. 2}. More recently this research has 
focused on human-machine interfacing and on human-efficient machine design, 
particularly as the machines in commercial and military use gain more ability and power 
and human monitoring requirements have increased. This change to a monitoring role 
instead of a more active role has been the subject of much human factors research. 

Other human factors problems encountered in both the civilian and military 
sectors are those of task complexity, information overload, and information accessibility 
(Ref. 3]. The fact that all required information for a task is available is of little use if it can 
mote accessed at the needed time or if it is difficult to retmeve or understand it. For 
example, in modern combat aircraft it does no good to have a large number of sophisticated 
capabilities if these require the pilot to concentrate on selecting the needed capability while 


ignoring ground avoidance task, causing the aircraft to fly into the ground. 


De Human Factors in Combat Simulations 


The simulation of military vehicles and combat scenarios has been increasing in 
importance over the last two decades. The reasons for this increase include the lower cost 
of simulation over live training, the ability to practice tasks that are to dangerous to attempt 
with real vehicles, and the ability to practice and improve combat tactics without the need 
for actual combat or large scale wargames. 

Until recently the fidelity and complexity of combat simulations was limited by 
the computational capacity and speed of the computers that drive and update the 
simulations. Today that problem, while still present to some extent, is rapidly becoming 
less of a bottleneck. This allows the addition of more complex features and higher- 
resolution models in these simulations while still operating in near real time. Generally this 
increase 1n Capacity has been used to model additional environmental factors, such as 
changing or adverse weather, or to increase the accuracy of modeled features, such as 
higher resolution graphics or more complex and realistic ballistic or motion equations. 

An area that had not seen much work in the military simulation arena was human 
factors simulation. This includes such functions as human reliability and performance, 
incorporation and behavior of computer-controlled forces, and distributed human 
command and control of forces. Recent progress in computer computational power and the 
resultant increases in functionality have made human factors modeling more practical and 
more common. Distnbuted control problems have recently become more critical and much 
work is being done in this area. Interest and investment in the incorporation and behavior 
of computer-controlled forces, often termed semi-autonomous forces, has increased. The 
ability to operate a large simulation without requiring each unit to have a human 
commander greatly increases the availability and functionality of the simulation [Ref. 4]. 

Human reliability and performance have received less attention. This is partly 
because the exact factors involved and the relative importance of these factors have not 
been established to the same degree as is available for physical factors. It is common to find 


models of vehicle dynamics that are well established and accurate; it is unusual to find 


models of human dynamics on which a majority of behavioral or psychological researchers 
or scientists agree. This lack of an established human performance model, along with the 
relative ease of improving other areas of simulation, have resulted in a minimum of 


research into the inclusion of human factors in simulators. 


3. Fuzzy Logic in Human Factors 

Fuzzy logic, as established by L. A. Zadeh in 1965, is a multi-valued logic 
approach for representing imprecise knowledge [Ref. 5]. This representation is especially 
useful for human reasoning, which 1s commonly done using vague or ambiguous concepts 
and ideas such as “tall” or “hot” which have varying meanings depending on the user and 
the situation. Fuzzy sets are generalizations of the notion of classical or binary sets. In 
classical sets an element is either in the set or it is not in the Set. In a fuzzy set, an element 
may have varying degrees of membership in a set. It may be partially in a set and partially 
not in the set. 

The fuzzy set method of dealing with vague concepts fits well with the current 
State of human factors knowledge. The many possible meanings for common descriptions 
of human behavior and the individualistic results often found in human factors research 
make the fuzzy set representation well-fitted for the task of simulating human factors. As 
discussed in Chapter II, fuzzy logic controllers have been successfully employed in a 
variety of tasks, from stock market prediction to subway control, so the validity of the logic 


has already been empirically proven [Ref. 5]. 


C. JANUS (A) TARGET ACQUISITION MODEL 


The current JANUS (A) target acquisition model is based on a search model developed 
by the Army Center for Night Vision and Electro-optic Research. The model is 
implemented with computational speed as the major priority rather than an accurate 
representation of human target acquisition. The model computes the single-glimpse 
probability of detection for a sensor/target pair for each search cycle, based on the number 


of resolvable cycles across the target. The number of resolvable cycles is defined in the 


search model to be the number of alternating light and dark horizontal bands across the 
minimum presented area of the target that can be distinguished at the target’s distance. 
Search model implementation is divided into three distinct parts: initialization, potential 


target determination, and detection resolution. [Ref. 1] 


1. Model Initialization 

Initialization of the JANUS (A) search model involves the completion of several 
data entry and computational tasks whose results are stored as look-up tables. The tables 
then are used during the simulation to speed up the target acquisition process. The players 
each input a target list cycle time and a detection cycle time for their forces. The 
initialization process uses these inputs to determine how often the search function is called 
(the detection cycle time) and how often each unit is processed for potential targets (the 
target list cycle time). Several tables are also produced for each optical sensor-target pair 
in the simulation. These tables use various environmental factors to determine atmospheric 
attenuation versus range data for the sensors. These tables also are used during the target 
detection phase to minimize computation time. 

Another table, also created during initialization, stores the number of resolvable 
cycles for each sensor-target pair, computed over the distribution of resolvable cycles for 
the sensor-target pair, and divided into intervals of 100 units. This table represents the 
number of resolvable cycles required for an observer at the sensor to detect the target, at 
any range from a minimum range (10 meters in JANUS (A)) to the sensor’s maximum 
range, given an infinite amount of search time. 

After the resolvable cycles table is created a random number is generated, over 
the range [1-100]. This number is used to obtain a threshold value of resolvable cycles for 
the sensor-target pair by using the number as a look-up index into the just-created table of 
resolvable cycles. This random number of resolvable cycles is used to determine whether 
the target is eligible for inclusion on the potential targets list. The resulting randomness is 


used to simulate the unpredictable behavior of different human sensor operators. For each 





detection cycle that the sensor-target pair 1s checked, the single-glimpse number of 
resolvable cycles for the target at that time is compared to this random number of resolvable 
cycles. If the current value is greater than or equal to this threshold value, the target may be 
added to the potential target list for the sensor, depending on line of sight and other 
environmental restrictions. If the current number of resolvable cycles across the target is 
less than this threshold, the target is not considered further for inclusion on the potential 
target list for this search cycle. This threshold number is generated only during the 


initialization phase and is not changed for the remainder of the current simulation. [Ref. 1] 


2. Potential Target Determination 


After initialization is complete, the simulation begins and the second part of the 
model becomes active. This is the determination of a potential target list, which is done 
every time the Search function is called. Not every sensor is checked during each search 
cycle but all are checked within approximately the time specified by the potential target list 
cycle time, as input by the players. At the present time only 10 targets may be on this list 
at once. These are the 10 best possibilities for detection for the current cycle, as determined 
by the current number of resolvable cycles. 

Before a target is placed on the potential target list of a sensor it must first pass 
several tests. It must not be a friendly unit, it must not be dead nor can it be mounted inside 
another unit (such as infantry in a personnel carrier), it must be in the sensor’s field of view, 
it must be in the sensor’s line of sight, and it must have a number of resolvable cycles, at 
its Current range from the sensor, which is greater than or equal to the threshold for the 
particular sensor-target pair, as described above. The fnendly status of the possible target 
is known to the simulation; the sensor does not need to determine this. It is possible to 
simulate the need for an observer to determine the friendly status of any possible target by 
requiring a greater degree of precision prior to detection, as will be shown later. 

Targets themselves are tested for status such as dead or mounted inside another 


unit and for the probability that they are in the sensor’s field of view. This later process is 


done by dividing the sensor field of view by the sensor view fan (the sensor’s area of 
interest as defined by the owning player or 360 degrees if the sensor 1s moving) and 
comparing this number to a randomly-generated number in the range [1-100]. If the random 
number is greater than the product, the target is considered to be in the sensor’s field of 
view. 

The path between the sensor and the target 1s checked for terrain obstructions, 
that is, for terrain with a higher elevation than the elevation of the sensor-to-target path at 
the obstruction’s position along this path. The simulation also checks for trees or buildings 
along this path and, if they are present, their elevation 1s checked the same way terrain 
obstructions are. If the path 1s obstructed, the density of the obstructions (predetermined for 
the simulation run) is used to find a probability of line of sight through them. This 1s done 
via a look-up table of density versus obstruction type. This probability is multiplied by the 
number of resolvable cycles to produce a new, larger number of resolvable cycles. If line 
of sight 1s established with respect to terrain and obstructions, then the effects of large area 
smoke clouds, if present, are determined. [Ref. 1] 

Finally, the currently-calculated number of resolvable cycles is compared to the 
threshold number, as defined above, for the sensor-target pair. If the current number 1s 
greater than the threshold, the target is placed on the potential target list. 

As mentioned earlier, the degree of precision required for detection can be 
changed by the players to require a larger number of current resolvable cycles for inclusion 
on the potential target list. This 1s done by scaling the threshold number of resolvable cycles 
for the sensor-target pair by multiplying it by a scaling factor that represents the desired 
degree of precision. This scaling procedure is used to simulate various rules of engagement, 
such as a requirement to identify the exact model of a target (e.g., T-72 versus T-62 tank) 
prior to engaging the target with direct fire. Currently four different levels of precision are 


Supported. 


¢ Detection, scaled to 0.75, the lowest level of precision. For this study detection 
defined as “Sensing that an object that is foreign to the background is in the 
sensor’s field of view (FOV) and should be further examined to determine if it 
is a target of military interest. The object may have been visible before detection, 
but was not distinguishable enough from other objects to trigger the inspection 
decision. The observer now takes whatever action is necessary to inspect the 
object (e.g., rotate the sensor, change to narrow FOY).”’ 


¢ Aimpoint, the default setting, scaled to 2.0, defined as “Selecting a portion of the 
observed scene as a potential target and a specific point at which to aim. The 
observer begins to move his weapon into attack position.” 


¢ Recognition, scaled to 3.0, defined as “Selecting a particular spot in the scene as 
the target on the basis of characteristics of shape, coupled with categorizing a 
military target class, such as a vehicle (or, if the class is taken to be more specific, 
a tank, truck, or APC). The level of detail for recognition depends on the 
operational situation and on pre-briefing. The observer now begins attack mode, 
including possibly designation of the object” 


¢ Identification, scaled to 6.0, defined as “Recognizing that the military target 1s in 
a specific subclass (e.g., tank) or 1s a specific member of a class (e.g., T-72 rather 
than a T-62). The subclasses are dependent on classes, the operational situation, 
and pre-briefing. The observer continues preparation for attack and commits to 
weapon firing or release.” [Ref. 7] 


3. Detection Determination 

The third part of the target acquisition process is the determination of actual 
detection of a target by a sensor. Because the detection cycle may occur more frequently 
than the potential target list 1s updated, the detection process includes many of the same 
tests as used for potential target list determination. For each sensor with potential targets, 
the simulation checks whether the potential targets 1n its list are now dead, have mounted 
other units, or are already detected. If they are already detected they are not processed 
again, though line of sight 1s checked again. If dead or mounted, they are removed from the 
potential target list. After these tests are completed, the remaining potential targets are 
Checked for obstructions to the line of sight and sensor field of view probabilities, as 
described above. These probabilities are then multiplied by the current resolvable cycles, 
as determined by the sensor-target table described in the initialization section, and this 


product is compared to a randomly-generated number. If the product is matched or 


exceeded by the random number then large area smoke line of sight 1s tested. If this also 1s 
satisfied then the target 1s marked as detected. 

The detection phase of the JANUS (A) simulation is critical. It determines 
whether a sensor can see a target and thus whether the weapon system associated with the 
sensor will engage it. If detected, all targets are automatically engaged by direct fire, if 


possible, unless the player takes the action to command the unit to hold fire. [Ref. 1] 


4. Realistic Modeling of Target Acquisition 


Because the engaging of opposing forces 1s the major goal of combat simulations 
such as JANUS (A), and because in JANUS (A) this process is governed by the target 
acquisition computations of the simulator, it is important to the realism (and therefore 
usefulness) of the simulation to model this process as accurately as equipment capacity 
allows. The present system described above is based strictly on the physical modelling of 
the JANUS (A) environment. The incorporation of user-definable human factors effects 1s 
needed to increase system realism. The human factors of target acquisition are currently 
modelled using random numbers alone. Yet human behavior and its effect on combat 
performance 1s much more complex than that. The addition of a fuzzy logic-based model 
of human performance to the JANUS (A) target acquisition process might provide the 


needed increase in simulation realism. 


D. GOALS 


The goal of this study is to provide an improved model of target acquisition that 
includes human factors that may affect the ability of an observer to detect and identify 
targets. The model is based on data collected from questionnaires provided to subject 
matter experts, Army and Marine Corps personnel taking part in an evaluation exercise 
requiring the acquisition and identification of ground targets. A fuzzy logic approach has 
been used for the reasons discussed above. The Army’s JANUS (A) combat simulation 


system 1s the proposed vehicle for testing and incorporation of the proposed model. This 
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research into human factors effects and fuzzy logic has resulted in a prototype computer 


program demonstrating the new model. 


E. ASSUMPTIONS 
Three assumptions are made in this study. 


¢ Human factors, such as those described above, affect combat performance. 


¢ Incorporation of these human factors into the JANUS (A) simulation system 1s a 
desired and beneficial change. 


¢ Data collected for this study 1s representative of combat in general. 


There is a body of research that supports the first assumption but there is no 
agreed-upon theory concming which factors are important and to what extent they affect 
performance. The factors proposed in this study are considered to have a major effect on 
human performance in a combat environment. That these factors may not be correct or 
complete is accounted for in the design of the prototype implementation. Though further 
research may yield more evidence as to what is a significant factor and what 1s not, the user 
of the simulation will still remain the final judge of which factors should be used. 

The second assumption, that the incorporation of these human factors into the JANUS 
(A) simulation system is a desired and beneficial change, 1s mostly determined, again, by 
the end users’ judgement. As the testing of this model in actual JANUS (A) simulations 1s 
not possible at the present time, the benefit of this fusion of human factors with the current 
JANUS (A) system is uncertain. However, without the incorporation of human factors the 
simulation of combat can not be realistically portrayed, at least at the large unit level. This 
is believed true due to the evidence of the past, where numerically, technically, and 
logistically inferior military units have triumphed over their superior foes. As this cannot 
be explained by the combatants physical capabilities, there must be human performance 
factors which profoundly influence he execution of individual and unit battles. 

A third assumption, (less important from the viewpoint of this study) is that the data 
collected, as discussed later, is representative of a majority of combat situations and 


personnel performance. The sample size is relatively small, and the personnel sampled are 


1] 


all highly trained, career-oriented Army personnel. Thus the data collected may not be 


representative of the military in general, or of the Army in particular. 


F. SCOPE 

The scope of this thesis is limited to the collection of the opinions of subject matter 
experts and prototyping of the resulting data into a model, using fuzzy logic. Validation of 
the human factors used in this model is not within this scope. However testing of the 


prototype program for correct operation within the limits of the collected data is included. 


Il. PROPOSED FUZZY LOGIC MODEL FOR 
TARGET ACQUISITION 


A. FUZZY SET THEORY 


1. Overview 

The concepts of fuzzy sets and fuzzy logic were established in 1965 by L. A. 
Zadeh [Ref. 8]. These concepts have been expanded by others and have been used for 
practical applications that include camera focusing mechanisms and stock trading. 

Classical set theory and fuzzy set theory differ in many ways yet at the same time 
they are much the same. The two theories are similar in that both operate with sets of 
elements, numbers, objects, or symbols. Both attempt to define groupings of similar 
elements. They differ in how they define these groupings. 

In classical set theory, the universe of discourse is divided into two categories: 
that which contains the elements of a set and that which does not, a strictly binary grouping. 
All operations on sets depend on the fact that an element of the universe is wholly in either 
one or the other of these two categories. In fuzzy set theory, elements have varying degrees 
of membership in their associated sets. An element may be partially in one Set, and partially 
in another set also. In other words, the degree of membership of an element may be other 
than the O (not a member of the set) or 1 (a member of the set) of classical set theory. 

Moreover the total membership values of the elements of a fuzzy set need not, 
and in fact rarely do, add to 1.0. Neither does the sum of an element’s degrees of belonging 
to a pair of sets necessarily equal 1.0. This allows fuzzy sets to represent vague ideas such 
as tall or hot without imposing an arbitrary bound on them. 

AS an example, one or two grains of sand are not usually considered a pile of 
sand, whereas 100 million grains might be considered a pile of sand. How then does one 


describe 800, 036 grains of sand? Is it or is it not a pile of sand? In classical set theory one 
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would have to assign an arbitrary bound to the meaning of “pile of sand,” say, greater than 
10 million grains Is a pile but one grain less than 10 million is not. This would mean the 
800,036 grains of sand would not be a pile of sand even though it may be a considerable 
amount of sand. On the other hand, fuzzy set theory is able to deal with such vague concepts 
by giving elements of the universe of discourse degrees of belonging to each of the sets, 
that is, to being a pile of sand or not. With this type of concept one could say that 10 million 
grains of sand might have a membership of 1.0 in the set of piles of sand, whereas the 
800,036 grains might have a membership degree of only 0.1 in the set of piles of sand. 
[Ref. 8] 


2. | Membership Functions 

In classical set theory all elements of a set have a membership value of 1.0, else 
they would not be elements of the set. In fuzzy set theory this type of set is referred to as a 
“crisp set.’ Such a set has no explicit membership values. Instead, it has implicit 
membership values of 1.0 for each element. 

In fuzzy set theory, as noted above, elements of a set have varying degrees of 
belonging to a particular set. The degree to which an element of a particular universe 
belongs to a set 1s called the element’s membership value. This degree of belonging 1s 
expressed as a real number on the interval [O0, 1]. A standard means of representing this 
membership value 1s the following. 

{degree of membership /element.. .}. (2.1) 

In this representation the slash symbol (/) does not represent standard arithmetic 
division but 1s only a means of separation between the membership value and the element. 
An example fuzzy set for a concept such as small number (called a linguistic variable), 
where the universe of discourse is the set of integers from 0 to 5, might look something like 
this. 


small number = {(1/0), (0.8/1), (0.5/2), (0.2/3), (0/4), (0/5)}. (222) 
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In this fuzzy set the membership of the number 0 in the set of Sma// numbers is 
determined to be 1.0, meaning that 0 is wholly in this set. The number | has a membership 
value of 0.8 in the set, meaning itis mostly in the set of small numbers and partially not in 
this set. The number 3 is only 0.2 in the set of small numbers, that is, that itis slightly a 
small number, while the numbers 4 and 5 have membership values of 0 showing that they 
are not Small numbers at all. 

The membership values of the elements of a set must be determined by the 
designer or user of the fuzzy set, by defining membership functions for the set. This may 
be done from available data or it may be an intuitive process. The method is not important, 
and the functions can be changed if needed, as long as they correctly model the set under 
consideration as it relates to the problem to be solved. These membership functions can 
have several shapes. Normally they are in one of several more-or-less standard shapes: 
curved functions (something like a bell shape), straight line triangular functions, or straight 
line trapezoidal functions [Ref. 9]. Figures 2.1, 2.2, and 2.3 will illustrate the differences 


between these membership functions. 


a. Curved Membership Functions 
In Figure 1 the example sets have been plotted using bell-shaped 
membership functions, on a base scale ranging from 1 to 5. One method of defining the 


membership functions for linguistic variables such as small, medium, and Dig is as follows. 
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Figure 1: Bell-shaped Membership Function 


b. Straight Line Triangular Membership Functions 
As shown in Figure 2, the example sets have been plotted using straight line 
triangular membership functions, on the same base scale of 1 to 5. The membership 


function for the linguistic variables small, medium, and big may be defined as follows. 
0 xa 
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Xx = point where membership value is to be determined. 
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Figure 2: Straight Line Triangular Membership Function 


For incomplete triangular membership functions, the same method 1s used 
with the appropriate part of the membership function. Generally straight line tnangular 
membership functions are preferred for fuzzy control applications due to the simplified 
notation and the simpler computation of membership values that 1s possible, as can be seen 


above. [Ref. 9] 


c. Straight Line Trapezoidal Membership Functions 


The straight line trapezoidal membership functions are similar to the 
triangular membership functions. However the peak membership value extends over more 
than one element of the set. 
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Figure 3: Straight Line Trapezoidal Membership Function 


3. Fuzzy Model Construction 

Several steps must be followed prior to converting linguistic or numeric 
variables to a fuzzy set. First, the base linguistic variables must be established. These may 
be context dependent, such as hot, medium, and cold for temperature, or they may be 
context independent, such as big, medium, or small for a general application. The choice is 
arbitrary as long as 1t accomplishes a division of linguistic meanings appropriate for the 
application. 

Next the base scale for each fuzzy set must be determined. This 1s the number of 
elements to be found in a given fuzzy set, and may consist of integers or real numbers. The 
scale is determined by the designer with the only limitation being a need for at least one 
element for each base variable. Common base scales have values from -6.0 to +6.0, -1.0 to 
+1.0, or 0.0 to +1.0. In the last two examples, the scale consists of real numbers. The first 
scale, -6.0 to +6.0, could be either an integer or real based scale. Two general guidelines 
for specifying the number of base scale elements are 


¢ The number of base scale elements should be greater than the number of base 
linguistic variables. 


¢ The number of elements should be small enough to run the computations required 
in a reasonable amount of time, depending on the application. 


a 





After the base scale is determined, the set of elements that have non-zero degrees 
of membership must be determined for each linguistic variable. That is, the “meaning” of 
each linguistic variable is distributed over several base scale elements, as appropriate, to 
account for the ambiguity of the linguistic variable. Usually at least one element is chosen 
for each linguistic variable to represent the value or values that are central and totally 
encompassed by that linguistic variable [Ref. 9}. 

For example, assume the linguistic variables to be used were determined to be 
small, medium, and big and that the base scale is from | to 7. The center point for the 
linguistic variable small might reasonably be placed at 1, the center point for medium at 4, 
and the center point for big at 7. The variables can be distributed evenly across the base 
scale by dividing the number of base scale elements by the number of variables and using 
the ceiling or floor functions to determine the appropriate number. 

Ceiling refers to the smallest integer greater than the quotient of the above 
division; for example, the ceiling of 7 divided by 3 is 3, because 3 1s the smallest integer 
greater then the quotient of 7 divided by 3, which is 2.33. Floor refers to the greatest integer 
not larger than the quotient of the above division; for example the floor of 7 divided by 3 
is 2, because 2 is the greatest integer that is not larger than the quotient of 7 divided by 3, 
which again is 2.33. In the above example the number of non-zero elements could be found 
by dividing 7 (the number of base scale elements) by 3 (the number of linguistic variables) 
and using the ceiling function to obtain the result of 3. The floor could have been used but, 
as will be seen, that would have caused difficulties in dividing the base scale equally among 
the linguistic variables. Figure 4 illustrates the example fuzzy set as it appears at this point. 

Once the sizes and divisions of the fuzzy sets are determined (as in the steps 
above) the definitions of the primary linguistic variables (e.g., small, medium, and big) 
must be established. That is, the membership values for each base scale element must be 
determined for each primary linguistic variable. The method used for this depends on the 
shape of the membership functions being used. Given the example sets in Figure 4, the 


membership values for each of the linguistic variables, small, medium, and big, can be 


determined from Equation 2.4. After this determination, each linguistic variable will be 
described by a fuzzy set. The set for the linguistic variable smal! from the example set 
might look like this. 

small = {1/1, 0.5/2, 0/3, 0/4, 0/5}. (2.6) 
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Figure 4: Example Fuzzy Sets 


The last step required for creation of a fuzzy model from a set of linguistic 
variables or crisp numeric variables (variables without membership values) 1s to expand the 
set of linguistic variables using modifiers on the primary variables. These additional 
linguistic variables are produced by shifting or changing the degrees of membership of the 
primary variables. These expanded variables are called hedges. Hedges for the example set 
of linguistic variables described above might include very low, pretty high, or slightly lower 
than medium. These additions to the available linguistic variable set allow the user to 
describe ambiguous or vague relationships more accurately. As with the primary variables, 
the hedges actually used are up to the designer and/or user. In the sample set that has been 
used so far, hedges of moderately small and moderately big might reasonably be chosen. 
The positioning of the hedge variables is done the same as for the primary variables, as is 
the determination of the membership values of the base scale elements for each. The 


resulting model of the example fuzzy sets might look like Figure 5. 
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Figure 5: Fuzzy Model including Hedge Variables 


With the inclusion of these two hedges (moderately small and moderately big) 
and their fuzzy sets, the model is complete. It should be noted that the fuzzy sets for the two 
hedge variables do not have a peak membership value of 1.0. This type of fuzzy Set 1s said 
to be sub-normal. This does not affect the fuzzy operations described below when they are 
applied to these sub-normal sets. At this point, the fuzzy sets for all the linguistic variables 
of the example fuzzy model look like the following sets. 

small = {1/1, 0.5/2, 0/3, 0/4, 0/5, 0/6, 0/7 } 

moderately small = {0.25/1, 0.75/2, 0.75/3, 0.25/4, 0/5, 0/6, 0/7 } 

ricci: = 10/170/2. 05/3214. 0.5/5, 0/6. 0/7 | ( 

moderately big = {0/1, 0/2, 0/3, 0.25/4, 0.75/5, 0.75/6, 0.25/7 } 

big = {0/1, 0/2, 0/3, 0/4, 0/5, 0.5/6, 1/7}. 


t2 
a | 


4. Fuzzy Set Operations 


a. Fuzzification 
Once the model for the fuzzy sets has been established, the fuzzification of 
inputs can be accomplished.The term fizzification is used here to denote the conversion 


into fuzzy sets of linguistic variables (variables with words or phrases for meanings, e.g., 
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very Short or pretty hot) or crisp values (numeric variables). In the case where the input is 
a linguistic variable, the input 1s assigned the value of the appropriate fuzzy set. The entire 
fuzzy set of elements and membership values, over the complete base scale, 1s used even 
when some membership values are zero. 

In the case the input 1s a crisp numeric variable (e.g., 3.3), the process 1s a 
bit more complicated. First the crisp value must be in the range of the base scale; otherwise 
it does not fit the model. If 1t does fit the model, it 1s possible that the crisp value will be 
encompassed by overlapping linguistic variable fuzzy sets. This is the case in the example 
shown in Figure 5. When this happens, all fuzzy sets that contain the crisp value within their 
non-zero membership bounds must be combined to form a Single representative set. The 
combination is carried out using the fuzzy intersection operator, described below. This 
operation will return a single fuzzy set that accurately represents the crisp value and that 
can be used in further operations in the model. Several approaches can be taken to find the 
linguistic variable that most closely fits the fuzzy set that describes the input crisp value, as 


will be described later. 


b. Intersection 


In classical set theory, the intersection operator is used to find the subset of 
elements that are common to two or more sets. In fuzzy set theory, each element has a 
membership value that expresses the vagueness of the original linguistic variable. Each 
fuzzy set must include all elements of the base scale, not just those with non-zero 
membership values. For these reasons the simple classical intersection operator does not 
work for fuzzy sets. A fuzzy set intersection operation was proposed by L. A. Zadeh in 
1965 [Ref. 8]. For each element of each fuzzy set being used, the minimum of the 
membership values for that element is determined. That minimum value then is used as the 
membership value for that element in the set representing the intersection. Notationally this 


is expressed as follows. 
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The use of the minimum value is not the only method of accomplishing the 
intersection of several fuzzy sets but 1t is commonly used [Ref. 9]. Two of the fuzzy sets of 
the example model defined earlier can be used to demonstrate this operation. 

moderately small = {0.25/1, 0.75/2, 0.75/3, 0.25/4, 0/5, 0/6, 0/7} 


medium = {0/1, 0/2, 0.5/3, 1/4, 0.5/5, 0/6, 0/7} (2.9) 
moderately small( medium = {0/1, 0/2, 0.5/3, 0.25/4, 0/5, 0/6, 0/7}. 


c. Union 
Like the intersection operator, the union operator of classical] set theory 
does not work for fuzzy sets. Zadeh proposed a fuzzy set union operation to achieve this 
method of combination. For each element, the maximum membership value of that element 
for all the fuzzy sets being joined 1s determined. That value is used as the membership value 
for that element in the set representing the union of the other sets. Notationally this is 


expressed as follows. 
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As with the intersection operator, several other methods can be used to 
accomplish the union operation; however the maximum operation is commonly used 
[Ref. 9]. Using the two fuzzy sets defined previously, moderately small and medium, the 


notation for this union operation is: 


moderately smalluU medium = {0.25/1, 0.75/2, 0.75/3, 1/4, 0.5/5, 0/6, 0/7}. (2.11) 


d. Complement 


The complement operator for fuzzy sets takes the complement of the 
membership values associated with each element of the fuzzy set. This is done by 


subtracting the membership value of each element from 1.0 and using the result as the 
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membership value for the fuzzy set representing the complement of the original set. Unlike 
the intersection and union operators, the complement operator works on a single set rather 


than on a group of sets. The notational representation of this operator 1s: 


VxeX :  , (x) = 1-H, (2). (2.12) 


An example using the fuzzy set medium (as defined above) is as follows. 
medium = {1/1, 0.5/2, 0/3, 0.5/4, 1/5} (2.13) 


where -— __ is the symbolic representation of the complement. 


e. Other Fuzzy Operators 
Other operators for manipulating fuzzy sets include addition, division, 
multiplication, concentration, dilation, and extension. These operators are outside the scope 


of this thesis and are not described here. 


f.  Defuzzification 

Defuzzification is the process by which a crisp output or a linguistic 
variable is obtained from a fuzzy set after other operations have been performed on the set. 
Several methods for accomplishing this defuzzification exist. Among these are the Center 
of Sums, Center of Largest Area, Best Fit, and First of Maxima methods [Ref. 9]. In the 
fuzzy model developed 1n this study, the Center of Sums defuzzification method 1s used. 

The Center of Sums defuzzification method yields a crisp number output 
from a fuzzy set. For each base scale element, the membership value of that element is 
multiplied by the value of that element (e.g., 0.5 x 3.0). The sum of these products is then 
divided by the sum of the membership values of all the elements. The division and 
multiplication are standard arithmetic operations, not the fuzzy set operations. The 


computational simplicity of this method is a major reason it is widely used in fuzzy control 


systems. Using the fuzzy set obtained by the intersection operation described above, the 


final division would be: 
257015 (214) 
where 2.5 is obtained from (0.5 x 3) + (0.25 x 4) (all others equaling 0), and 0.75 1s 


obtained from 0.5 + 0.25. 

The Center of Largest Area method is useful in situations where the crisp 
Output must be determined from more than one fuzzy Set. The area of each fuzzy subset 1s 
determined using standard integration and the central value of the fuzzy set with the largest 
area 1s returned as the output. This 1s computationally more expensive than the Center of 
Sums technique but it operates when a single fuzzy set can not be obtained or is not desired. 

The Best Fit method returns a linguistic variable which corresponds to the 
linguistic fuzzy set closest to the final fuzzy set. This is done by obtaining the squares of 
the differences of the membership values of the resultant fuzzy set and the original fuzzy 
set, summing these differences, then taking the square root. This process is repeated for 
each linguistic variable, using the original fuzzy set for that variable. The linguistic variable 
with the minimum distance is then output. 

The First of Maxima is another defuzzification method that can be used 
with multiple final fuzzy sets. It can also be used if the fuzzy set has been clipped. Clipping 
is done by taking the maximum membership value for a fuzzy set and extending it to the 
other side of the bell or triangle that forms the distribution for the fuzzy set. This eliminates 
any value above this maximum membership value and turns the distribution into a 
trapezoid or a clipped bell, depending on the original form. Figure 6 shows an example of 
a clipped set using the example fuzzy set moderately small described above. 

The First of Maxima is simply the lowest value on the base scale where this 
maximum value occurs. In the case of multiple fuzzy sets, the maximum value of all the 
sets 1s determined and the lowest value on the base scale of this maximum of maximums is 
used as the output. For example, using the First of Maxima method and the fuzzy sets 


shown in Figure 6, the crisp number that would be output would be 2.0. This is the lowest 


Pas 


element value where the maximum membership value of all the fuzzy sets, 0.75, 


encountered. 
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Figure 6: Example Clipped Fuzzy Sets 
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Ii. PROPOSED HUMAN FACTORS FOR TARGET ACQUISITION 


A. MODELED HUMAN FACTORS 


The human factors simulated in the proposed fuzzy logic model were chosen after a 
study of recent literature relating to human performance and the factors affecting it. That 
human performance 1s affected by various psychological and physiological factors can not 
be argued. What can be argued is the details of which factors are involved and how 
performance is or can be affected by each. 

In this study human factors of interest are divided into attributes and subfactors. 
Attributes, as used here, are the major factors affecting the accomplishment of some task. 
In this model, the task 1s one of target search and acquisition by military ground units, either 
with or without the aid of mechanical or optical sensor systems. The suDfacrors are the 
various elements that contribute to the improvement or degradation of the attributes. 
Different attributes are affected by different subfactors, though some subfactors may affect 
more than one attribute. 

Many of the attributes and subfactors used in this study have been the subjects of field 
and laboratory experiments. Many of these experiments have been conducted at the request 
of the United States government and its military services. Others have been conducted by 
commercial industries, and still others have been conducted by academic institutions. The 
purpose of all these studies has been to identify and measure the specific subfactors that 
affect attributes of human performance under various conditions. Some of the attributes and 
subfactors used in this model have not been studied individually but are believed to be of 
importance by the author, based on personal experience. The attributes and subfactors used 


in this study are discussed below. 


vi | 


1. Attributes Modeled 


a. Altention Level 

Attention level is defined here as the level of active concentration on the 
target acquisition task. It is the amount of conscious mental focus that 1s directed towards 
the search and acquisition process. It should seem obvious that a person’s attention level 
affects the performance of most tasks. In the context of this study the attention level of an 
arbitrary observer is the amount of focus on the target area or Sensor displays directly 
associated with the search effort. 

Because of the obviousness of the effects of this attribute with respect to 
task performance, no research has been reported on its relationship to target acquisition. 
Instead many studies have been done which deal with the subfactors involved in degrading 
the attention level [Ref. 10:p. 257]. Studies of radar and sonar operators in particular are 
common, using scenarios similar to that of this study [Ref. 2]. 

Attention level is incorporated into the proposed model as a fairly high- 
level concept. This allows the model to be divided into two levels of detail. Users of the 
system can specify the levels of the subfactors related to attention, as these affect overall 
task performance.This 1s an easier setup task than if the subfactors were not grouped under 


a major concept. 


b. Distraction Level 


Distraction level is defined here as the level of other activities that the 
observer must deal with that detract from the time available for search and acquisition 
tasks. Distraction may have an effect on other attributes related to target acquisition 
performance, but also is considered a major factor in the overall acquisition process. For 
that reason it is presented here as an attribute. 

As with attention, there have been few studies of whether distractions 


detract from task performance since it is fairly obvious that they do. The studies that have 
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been conducted have dealt with the areas that this model calls subfactors, described in detail 


later in this chapter. 


Cc. Workload 


For this study workload is defined as the complexity of the controls and 
displays necessary to operate the observation equipment and the difficulty and complexity 
of maintaining this equipment. Workload ts included as an attribute in this study because 
of the increasing complexity of modern military equipment and, with this complexity, a 
tendency towards a lack of equipment robustness. 

Much research has been conducted on the performance effects of various 
display and control complexities [Ref. 1]:p. 187]. Some of this research has been initiated 
by commercial industries trying to improve worker performance through ergonomic 
engineering [Ref. 7]. Research also has been done by the military services to ensure that 
the increasingly complex weapons systems necessary for success on today’s battlefields are 


usable under combat stress situations [Ref. li:p. 187]. 


d. Physical Stress and Fatigue 

The definition of physical stress and fatigue used here is the physical 
discomfort associated with use of the observational equipment or the observational 
position, and the physical health and fatigue of the observer. This attribute 1s included 
because of the nature of search and acquisition task. Usually such a task requires an 
extended time of observation with little movement of the observer. This can lead to 
severely degraded performance if the observer is fatigued or sick. An uncomfortable 
position, either due to environmental factors or to the size and physical layout of the 
observation post, can add to an already fatigued soldier’s stress, thereby lowering further 
his search and acquisition performance. 

Research on the effects of fatigue on task performance has been carried out 
for a wide variety of tasks and environments. Most of this research has been directed 


towards the military aspects of fatigue [Ref. 12]. Past military operations provide evidence 
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that combat 1s extremely fatiguing, even to the point of causing the physical collapse of 
soldiers’ during combat. The requirement for soldiers mobility, regardless of transportation 
availability, also requires knowing how far the soldiers can travel and still be capable of 


fighting effectively. 


e. Mental Stress 

Mental stress 1s defined here as the stress imposed on an observer due to 
the mental requirements of his total task load. This task load is not limited to the 
observational tasks. It may include all tasks for which he holds responsibility, both 
externally defined, by job description, and internally assumed, by personal actions and 
feelings [Ref. 13]. The task load may include tasks which are not a part of the current 
operation or Situation. This attribute might also be thought of as mental distraction due to 
the pressure of the observer’s self-imposed mental task load on his current state of mind. 

Again, much research has been done on the effects of mental stress on 
combat performance, particularly as it affects decision making and command [Ref. 12]. For 
the purposes of this study, the distraction from the search and acquisition tasks resulting 


from this mental stress are the main concern. 


f. Vigilance Level 

Vigilance level is defined for this study as the level of alertness of the 
observer. This alertness need not be consciously directed toward anything in particular to 
be active. Vigilance is not the same as attention (at least not for this study) as it is not 
necessary to focus on anything to be vigilant. This concept includes awareness of the 
Surrounding environment, the sense of rightness, and the readiness to react to the situation 
based on this awareness. 

Considerable research has been reported on the concept of vigilance [Ref. 
2]. However, much research supposedly concerning vigilance really deals with the concept 
of attention, as defined for this study. As used here, vigilance is the readiness and awareness 


of an observer which allows him to sense when a Situation may present a danger of enemy 
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engagement, even though he may have no hard evidence to explain his feeling of imminent 


danger. 
2, Attribute Subfactors 


a. Attention Level Subfactors 


Four subfactors are proposed to have an effect on the attribute of attention 
level. The degree to which each subfactor affects this attribute is not specified because the 
effects are different for each individual. In the proposed fuzzy logic model the degree of a 
subfactor’s effect is specified by the simulation user This 1s done as an input to the fuzzy 
logic calculations for each unit, prior to the start of the simulation run. The user’s input and 


its use are further described in Chapter V. 


(1) Current Operational Workload. This subfactor is defined here as the 
amount or number of concurrent operational tasks the observer must perform. For example. 
if the observer is also the driver of a stationary vehicle then the operational workload would 
be low, provided he was not detailed to other tasks. However if the vehicle were moving 
then his workload would be higher, leaving less capability for observation. There is ample 
evidence from both civilian and military experiences that the higher the task loading the 
less time can be devoted to any single task. This problem has been well studied, particularly 
in the areas of system design [Ref. 1 1:p. 187]. As used in this study, the higher the current 
operational workload, the lower the level of the observer’s performance on the search and 


acquisition task. 


(2) Level of Enemy Threat. This subfactor is defined here as the 
perceived probability of encountering enemy forces at the current time. If the observer were 
in a fmendly rear area base camp or safe zone, the perceived probability of enemy 
encounters might be low, and thus the observer’s attention to search and acquisition tasks 
might be low. However, in contested areas or where the threat of enemy encounter is 


higher, the observer may be more attentive to these tasks. This increase in attention to the 


observational task comes at the expense of attention to other tasks that are not perceived to 
be critical to meeting the perceived threat. The field of attention narrows to exclude these 
less critical tasks [Ref. 11:p. 186] and the observer’s performance on the search and 
acquisition task increases. For the purposes of this study, a lower enemy threat level implies 
a lower level of performance by the observer because of a lower perceived importance of 


the search and acquisition task. 


(3) Interactions with Other Members of the Immediate Unit. It is assumed 
here that interactions with other personnel enhance the observer’s ability to perform the 
required search and acquisition tasks. A crew can divide the search area into sectors that 
may be split among them, take care of minor interruptions such as radio traffic that might 
otherwise require the observer’s attention, and take other actions that will allow the 
observer to devote his mental capacities to the task at hand. This is known as crew 
coordination in the military, and has the effect of lowering the amount of non-productive 
duplication of effort and cross-checking that would otherwise add to the observer’s tasking. 
Crew coordination is taught by all military services as the primary method of increasing the 
efficiency and capability of any crew-served system. Research on the effects of continuous 
or sustained operations has shown this division of labor to increase individual and unit 
performance [Ref 10:p. 271]. As applied to this study, the higher the interaction level of the 


crew, the higher the performance of the observer. 


(4) Personal Stress. As used in this study, personal stress consists of those 
personal concerns that may distract the observer from his current task. Concerns might 
include such things as career decision points, promotion, job transfer, and financial or 
family problems. Such stressors replace or dilute thoughts of the current search and 
acquisition process. Feelings about the rightness or purpose of the observer’s current 
operations, either on a local scale or on a broader, overall scale, may also be included in 
this subfactor. Researchers have found that the stress of conflicting moral values or anxiety 


about a soldier’s family or other non-military obligations and responsibilities can lead 
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eventually to a state of mental and/or physical collapse [Ref. 12]. Because of this 


possibility, the higher the personal stress, the lower the performance of the observer. 


b. Distraction Subfactors 


Seven subfactors are proposed as having an effect on the distraction of an 
observer. As defined earlier, distraction is the amount of other tasks and stimuli that are 
present and that interfere with an observer’s ability to perform the search and acquisition 


tasking. 


(1) Current Operational Intensity. Operational intensity refers to the 
complexity and amount of combat in the observer’s general area. This includes combat that 
the observer 1s not directly involved in but that could reasonably be expected to shift to 
include him. The greater the probability of the observer receiving fire or the more time 
required to defend the observer’s position or those in close proximity, the less time or 
Capacity will be available for search and detection processes [Ref. 12:p. 254]. In this 


definition, the detection of targets that are not already engaged by the observer ts the goal. 


(2) Level of Enemy Threat. As defined earlier, this subfactor is the 
perceived probability of encountering enemy forces at the current time. If the observer were 
in a friendly rear area base camp or safe zone, the perceived probability of enemy 
encounters might be low. Hence the observer would not be distracted by other tasks such 
as preparing for an engagement with an enemy unit. A decrease in observer distraction is 
likely, due to the need to meet the perceived threat in a good state of preparation. For the 
purposes of this study, a higher perceived enemy threat implies a lower level of 


performance by the observer because of distractions from the search and acquisition task 


eet I1:p. 186]. 


(3) Probability of Observation System Failure. An observer’s confidence 
in the functionality of the observation equipment and the expected frequency of failure of 


all or part of the equipment affect his distraction level. The more probable that there will 
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be a failure in the equipment, the more time the observer will spend on functional checks. 
These equipment checks will be more thorough and the results scrutinized more closely, 
thus adding to the time required for completion. The time spent on these checks 1s not 
available for search and acquisition task, and a reduction in the performance of this task 


will ensue. 


(4) Negative Interaction with Other Members of Immediate Unit. 
Interactions with other personnel can detract from the observer’s ability to perform the 
required search and acquisition tasks. Unlike crew coordination interactions described for 
the attention level attribute, these interactions take away from the time an observer has for 
accomplishing the search and acquisition tasks. Thus this type of interaction is the 
antithesis of the crew coordination described earlier. As applied to this study, the higher the 


negative interaction level of the crew, the lower the performance of the observer. 


(5) Level of Combat Experience. Combat experience is defined here as 
the amount of time spent in combat operations. This includes the time actually engaged 
with enemy forces plus the time spent in situations that had a high probability of such 
engagement, even if 1t did not materialize. Much research has been done on the simulation 
of combat in training with the goal of improving the performance of soldiers in their first 
real combat engagement [Ref. 12:pp. 79-88]. While much benefit has been derived from 
these studies, most researchers feel that there is no substitution for real combat. The 
performance of combat-experienced soldiers is almost always better than that of 
inexperienced soldiers, assuming no psychological problems are present. It is this level of 
increased performance that is modeled by this subfactor. For the purposes of this study, the 
higher the level of combat experience of an observer (measured in total combat time), the 


lower the distraction level of that observer. 


(6) Level of Combat Training. Combat training is considered to be the 
amount and sophistication of training in combat operations directly related to the 


observer’s role in the unit. Training is where the essentials of combat are learned. With 
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more and higher-level training, the observer is more likely to survive his first combat 
engagement. Better trained observers are more proficient in using and maintaining the 
equipment required for task completion (in this case search and target acquisition), 
particularly when under the stress of impending combat [Ref. 11]. Training in situations 
and over terrain likely to be encountered also provides the observer with knowledge about 
environmental affects on the operation of his equipment. The effects of shadows, heat, fog, 
and terrain contrast on his ability to detect enemy units can be learned during realistic 
training exercises. Much research has been done on this subject and, while it cannot replace 
experience, realistic training can greatly enhance the observer’s performance [Ref. ]2:pp. 
79-88]. Much of this improved performance is attributed to better judgements about what 
is important and what is relatively tnvial Such judgements lower the effect of distracting 
stimuli because they are tuned out by the observer. In this study, the higher the training 
level of an observer, the lower the distraction level, and the higher the observer's 


performance. 


(7) Target Area Extraneous Distractions. For the purpose of this study, 
this subfactor includes both the movements of friendly units near the observer’s position 
and the movement or activities of civilians near his position. Any activity that might detract 
from the observer’s interest in the search and acquisition task (such as workers 1n a field, 
sunbathers, etc.) 1s considered to increase the level of the observer’s distraction. Thus. the 


higher the level of extraneous activity the lower the observer’s performance. 


c. Workload Subfactors 
Four subfactors are proposed by this study as having an effect on the 
workload of an observer attempting to search for and acquire targets on a battlefield. As 
defined earlier, the workload is considered to be the complexity of the controls and displays 
necessary to operate the observation equipment and the difficulty and complexity of 


maintaining It. 
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(1) Number and Complexity of Search and Weapons Systems. The 
number of different search and/or weapons systems employed at one time by the observer 
increases the workload. A larger number of control operations must be carried out and, 
unless the systems are all of the same type, multiple control sequences must be 
remembered. The complexity of the systems can also increase the workload if the controls 
and displays required for operation are not well designed. As noted earlier, a great amount 
of commercial research has been done on the optimum design of displays and controls 
[Ref. 3]. Most of these efforts have been directed at reducing the operator workload while 
using complex equipment. For the purposes of this study, a larger number of search and 
weapons systems or greater complexity of these systems increases an observer's workload 


and decreases his performance. 


(2) Level of Training Using Search and Weapons Systems. Level of 
training is defined here as familiarity with and knowledge of the applicable search and 
weapons systems, their controls, and their operation. The ease with which an observer uses 
the observational equipment lowers the total workload involved in search and detection 
operations due to a decreased need to search for the correct control or to determine the 
correct method of display. Training in the system’s design, functions, and capabilities is 
necessary for ease of use. Training in system use is separate from operational training 
where the real systems are used, and may include classroom and individual study of the 
systems. For this study, the more familiar an observer is with the applicable systems, the 


higher his performance level during the use of the systems. 


(3) Level of Experience Using Search and Weapons Systems. This is 
defined here as the amount of actual hands-on training and the amount of use of the real 
systems in both structured and realistic scenarios. It has long been a practice of the military 
services to train soldiers with full capability and up-to-date equipment in realistic 
conditions as a method of increasing the soldiers’ performance under combat conditions 


[Ref. 12:pp. 79-88]. This is done in an attempt to make the operation of essential equipment 
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as automatic as possible in the hope that automatic responses will continue even during the 
stress of combat [Ref. ll:p. 188]. Practice with non-operational systems is fine for 
functional training but, until the real equipment 1s used, the operator will not have full 
confidence in the system. More and higher-level training with the actual systems increases 
the operator’s confidence in the equipment, along with the ease with which he uses it. For 
the purposes of this study, a higher level of experience in using the search systems 


decreases an observer’s workload and increases his performance. 


(4) Probability of Observation System Failure. As defined earlier, this 
subfactor reflects the observer’s perceived confidence in the functionality of his 
observation equipment along with the expected frequency of failure of all or part of the 
equipment. As noted for the distraction attnbute, the more probable that the equipment will 
fail (in the observer’s opinion), the more time will be spent on functional checks. These 
checks will be more thorough, adding to the observer’s workload by requiring the observer 
to recall possibly obscure test sequences and possible failure modes. For this study, the 
higher the perceived probability of a system failure, the higher the workload and the lower 


the performance of an observer using the system. 


d. Physical Stress and Fatigue Subfactors 
Nine subfactors are considered to affect the physical stress and fatigue of 
an observer on a battlefield. Physical stress and fatigue are defined as the physical 
discomfort associated with use of the observational equipment or the observational 


position, and the physical health and fatigue of the observer. 


(1) Length of Operational Involvement. This subfactor is used here to 
mean the total length of time since the start of the mission or operation. The physical stress 
related to combat operations increases as the length of the mission or operation increases; 
stress and fatigue accumulate with time. Studies of World War II operations have focused 
on the length of combat operations that soldiers can endure [Ref. 10]. These studies 


conclude that the longer the operation, the more fatigued soldiers become. For this study, 
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the longer the mission or operation has been going, the higher the fatigue level of an 
observer and the lower his performance level while engaged in the search and acquisition 


task. 


(2) Cumulative Time Engaged with Enemy. This subfactor reflects the 
total amount of time engaged in combat since the mission started. Any combat operation is 
physically taxing, but the effects of actual engagements on the fatigue of soldiers is 
immense [Ref. 12:pp. 231-234]. The stress and fatigue of combat (including both actual 
physical effort and physical tension that is the result of the enemies’ combat actions) 
accumulates if the soldier is not given time for recovery, greatly affecting the performance 
of all tasks [Ref. 13]. For this study, a higher accumulation of time engaged with enemy 


forces corresponds to a lower level of performance for an observer. 


(3) Physical Difficulty of Operating Search and Weapons Systems. This 
subfactor is defined here as the actual physical effort required to operate the search and 
weapons systems employed. Difficulty in using a system leads to increased physical 
exertion during the time the systems are used. If these periods of usage are long or 
numerous, the fatigue level of the user increases. In this study, the more physically difficult 
it is to use the systems, the higher the fatigue level of the user and the lower the 


performance level of that user. 


(4) Level of Observer’s General Health. The effects of illness or injury 
on fatigue are well known. Anyone who has had even a cold has experienced the increased 
fatigue associated with the illness. An injury is even more debilitating because of the 
energy requirements of the body during the healing process. Not only do illness and injury 
Cause an increase in fatigue, they also increase the fatigue from other sources such as 
physical and mental activity. An injury may also interfere with the proper operation of the 
search and weapons systems in use and may cause further physical stress or fatigue from 
operating this equipment in a manner for which it was not designed. The amount of time 


required for the performance of the search and acquisition task may increase due to an 
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illness or injury. For the purposes of this study, the higher the level of health of an observer, 


the higher the level of performance of that observer. 


(5) Environment. This subfactor is defined here as the effects of 
environmental conditions on the fatigue and physical stress of an observer. Conditions such 
as low or high temperatures, high humidity, rainfall, and other environmental factors can 
affect the level of fatigue of a soldier [Ref. 12:pp. 242-243]. The lack of shelter or an 
enclosed position may affect not only the observer’s physical fatigue and stress, but they 
may also lead to illness or equipment malfunction. For the purpose of this study, a higher 
rating for this subfactor implies better environmental conditions, a lower rating implies 
adverse environmental conditions. The higher the rating for this subfactor, the better the 


performance of an observer on a search and acquisition task. 


(6) Level of Protective Gear Required. The level of protective clothing 
required for the current combat conditions will affect stress and fatigue levels. Conditions 
such as extreme heat or cold (which require special protective clothing) or chemical, 
biological, or radiological conditions or the threat of thereof (which require a high Mission- 
Oriented Protective Posture (MOPP) level) may severely restrict the physical ability of the 
Operator to employ the required system to its full capability and thus greatly increase the 
rate of fatigue buildup for the wearer [Ref. 10:p. 270]. In the worst case, protective clothing 
may totally prevent the use of the system, though this would be an uncommon situation. 
For this study, a high level of required protective gear will increase the fatigue and stress 


of the wearer and lower his search and acquisition performance. 


(7) Amount of Sleep or Rest Prior to Mission or Operation. As defined 
here, this is the amount of rest and sleep the observer was able to obtain in the 36 hours 
immediately preceding the mission or operation. It is not possible to store or accumulate 
sleep for use at a later time, but starting an operation fully rested will delay the increase in 
fatigue due to sleep loss [Ref. 10:p. 267]. A time frame of 36 hours prior to the start of the 


mission or operation is used because it was felt to be the time frame which most affects the 
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upcoming operation. As used in this study, the higher the level of rest or sleep in the 36 


hours prior to the mission or operation, the lower the fatigue level of the observer. 


(8) Amount of Sleep or Rest During Mission or Operation. The ability of 
a soldier to rest and sleep during the operation depends on the amount of travel, the 
engagements that take place, and the type of mission. Adequate rest is essential to the 
continued performance of any tasks, particularly complex ones. Many studies have shown 
the performance degradations that occur due to inadequate quantities of sleep for extended 
periods of time. In one of these studies [Ref. 10:p. 268], subjects deprived of sleep for 
approximately 72 hours were considered militarily ineffective, as judged by the 
performance of general military tasks such as marching, digging, weapon handling, and 
patrolling. Another study [Ref. 14] found performance degradations of approximately 50% 
after 48 hours of sleep deprivation, and the same decreased level of performance after 5 to 
7 days of partial sleep deprivation (sleep limited to 4 to 5 hours per night). While most of 
the studies conclude that mental performance declines faster than physical performance, 
physical performance is affected nonetheless. This leads to an increased amount of time 
and effort required to accomplish any task, along with increased physical fatigue and stress. 
For the purpose of this study, a higher level of sleep during the mission corresponds to a 


higher level of performance by an observer. 


(9) Availability of Food and Water. The access to and consumption of 
adequate food and water are necessary for continued human life (in the extreme) and to the 
continued exertion of physical and mental energy. The lack of either (though particularly 
water) will rapidly lead to conditions of physical exhaustion, dehydration, and eventually 
death if allowed to progress far enough. These conditions are not conducive to high 
performance levels. In studies of combat endurance, the lack of food and water have been 
found to affect the fatigue level of soldiers and to increase the perceived fatigue of the 


individual [Ref. 12:p. 245]. For this study, a lack or low level of available food and water 
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will increase the physical fatigue of an observer. This will, in turn, lower his performance 


on a search and acquisition task. 


e. Mental Stress Subfactors 
For this study, seven subfactors are proposed as affecting the mental stress 
of a random observer on a modern battlefield. Mental stress, as defined previously, is the 


Stress imposed on an observer due to the mental requirements of his total task load. 


(1) Length of Operational Involvement. This quantity, as used here, is the 
total length of time since the start of the mission or operation. Mental stress related to 
combat operations increases as the length of the mission or operation increases and as the 
Stress of continuous danger and anxiety about possible enemy actions accumulates. Studies 
done during and after World War II have shown that the stress of combat operations 
increases as the length of the operation increases. This was Judged by the increased number 
and type of psychiatric casualties (“combat fatigue” or “combat exhaustion’) which were 
processed during lengthy campaigns such as the breakout from the Normandy beachhead 
or the Italian campaigns of 1944 [Ref. 12:pp. 272-280]. From these studies it 1s concluded 
that the longer the operation, the more mental stress a soldier accumulates and the lower 
the performance level of these stressed individuals. For the current study, the longer the 
mission or operation has been running, the higher the mental stress level of an observer and 


the lower his performance level during the search and acquisition task. 


(2) Level of Training Using Search and Weapons Systems. Level of 
training is defined here as the familiarity and knowledge of the applicable search and 
weapons systems and their controls and operation. This subfactor deals with the confidence 
of an observer in the capabilities of the search and weapons systems being used to provide 
the necessary data for the accomplishment of his task. Such confidence is an important 
factor in the success of any endeavor. Confidence is even more important in a military 
context for reducing the susceptibility of soldiers to mental stress. Thorough training in the 


operation of his equipment (as one of the many military skills used by a soldier) is crucial 
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to this confidence (Ref. 12:p. 324]. For this study, the more thoroughly trained an observer 
is with the applicable systems, the higher his performance level during the use of the 


systems and the lower the mental stress level of this observer. 


(3) Level of Experience Using Search and Weapons Systems. This 
subfactor is defined here as the observer’s actual hands-on training and his use of the real 
systems in both structured and realistic scenarios. More training with the actual systems 
increases the operator’s confidence in his abilities to use the observation equipment and in 
the equipment itself. This increased confidence lowers the mental Stress associated with the 
use of this equipment. For the purposes of this study, a higher level of experience in using 


the search systems decreases an observer’s mental stress and increases his performance. 


(4) Observer’s Command Level. Command level is defined for this study 
as the organizational leadership level or command authority of the observer. The higher a 
soldier’s leadership level ina unit, the greater the assumed responsibility that is held by that 
soldier, in most cases. As found in_ several studies of combat leadership 
[Ref. 12:pp. 236-238], this responsibility imposes more stress on the leaders due to the 
consequences of their actions and the effects of their decisions on the others members of 
the unit [Ref. 13:pp. 80-81]. This additional stress can interfere with the efficient 
performance of the leader, particularly in a high stress situation such as combat. As used in 
this study, a higher level of command implies a higher level of mental stress and lower 


performance as an observer. 


(S) Time Available for Search. For this study, this subfactor is defined as 
the perceived time available for the search task. A shorter perceived time (or a perceived 
urgency) can increase the mental stress of an observer as he attempts to force detection 
prior to an actual target being observable. This perceived time may be longer than actually 
available or it may be shorter. In the case of longer perceived time, the mental stress may 
not be increased as much but that may leave the observer open for an unexpected 


engagement. Shorter-than-actual perceived time may lead to considerably increased mental 
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stress as the observer attempts to detect an expected but not yet physically detectable target, 
knowing that others are relying on his skill and judgement, and knowing that failure on his 
part may cause others harm. A higher urgency or shorter perceived search time will 
increase an observer’s mental stress and will decrease the observer’s performance on the 


search and acquisition task. 


(6) Probability of Observation System Failure. An observer’s confidence 
in the functionality of the observation equipment or the expected frequency of failure of all 
or part of the equipment will affect his mental stress level. Because the consequences of 
failing to detect an enemy unit may be grave for the observer or other members of his unit, 
a lack of confidence in the equipment needed to detect the enemy will increase the mental 
stress of the observer and detract from his search and acquisition performance. For the 
purposes of this study, a higher perceived probability of failure or a lower confidence leve] 


increases the mental stress and lowers task performance. 


(7) Personal Stress. The level of this subfactor reflects personal concerns 
(other than those about the immediate situation) that may increase an observer's mental 
Stress. AS noted earlier, career decision points, promotion, job transfer, and financial or 
family problems can cause concern and anxiety on the part of the observer. Mental stress 
may be increased by concerns about the moral or political nature of the current operation 
or of the overall combat situation. The stress of conflicting moral values, family anxiety, 
etc., can result in mental exhaustion. [Ref. 12]. Thus, a higher level of personal stress means 


a higher mental stress level and lowered observational performance. 


i. Vigilance Level Subfactors 
Four subfactors that affect the vigilance level of an observer on a typical 
battlefield are defined below. Vigilance level, as defined earlier, is the level of alertness of 
the observer and is expected to affect target acquisition performance. This alertness need 
not be consciously directed toward anything in particular to be active. Vigilance differs 


from attention in that itis not necessary to focus on anything to be vigilant. 
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(1) Length of Operational Involvement. This subfactor is defined here as 
the total length of time since the start of the mission or operation. The stress related to 
combat operations increases as the length of the mission or operation increases, and this 
stress wears down the mental sharpness of soldiers after an extended time. Stimuli that 
would alert the soldier at the beginning of the operation may not do so later in the mission. 
This may is particularly true when the soldier is physically fatigued by exertion and sleep 
loss. Studies of the performance degradation of soldiers due to fatigue have found that all 
mental tasks are highly susceptible to fatigue effects, and that vigilance tasks are 
particularly affected {[Ref. 10:p. 258]. Based on this research, the current study equates 
length of an ongoing mission to the increased fatigue level of an observer and to reduced 


vigilance. 


(2) Level of Distraction. The attribute distraction, as described earlier, 1s 
included as a subfactor of the attribute vigilance level. The reason for this is found in the 
definition of vigilance as used here: the awareness and readiness to react to a possibly 
dangerous situation, even without evidence that the situation is, in fact, a danger. A high 
level of distraction presents the observer with many possibly dangerous situations and 
reduces the amount of time and mental capacity the observer can devote to any one 
situation as he tries to evaluate it for real danger. Also, if the observer feels the situation 
may present a danger, he may not be able to maintain the vigilance level required to 
determine which of the various situational participants is the cause of this unease or sense 


of danger. 


(3) Amount of Sleep or Rest Prior to Mission or Operation. For this study, 
the amount of rest and sleep the observer was able to obtain in the 36 hours immediately 
preceding the mission or operation is the factor of interest. As previously noted, sleep loss 
affects the mental functioning of a person more, and earlier, than it does his physical 
functioning. As vigilance is mainly a mental awareness (though coupled with a physical 


readiness to act) the amount of sleep affects this attribute. As used in this study, the higher 


as 


the level of rest or sleep in the 36 hours prior to the mission or operation, the lower the 


fatigue level of the observer and, hence, the higher the vigilance level of this same observer. 


(4) Amount of Sleep or Rest During Mission or Operation. The ability of 
a soldier to rest and sleep during the operation will affect his continuing vigilance level. 
Numerous studies have shown the performance degradations that occur due to inadequate 
quantities of sleep for extended periods of time. Most of these studies conclude that mental 
performance declines faster than physical performance [Ref. 10:p. 258]. As vigilance is a 
largely mental attribute, this degradation of mental processes must also affect the vigilance 
level to some degree. For the purpose of this study, a higher level of sleep during the 


mission corresponds to a higher vigilance level] for an observer. 


B. USE OF MODELED HUMAN FACTORS 

The six human factors attributes and their related subfactors, defined above, are 
proposed for use in the calculation of an overall target acquisition performance rating for 
individual observer units. This performance rating can then be used as a modifier for the 
probability of target detection now used by the JANUS (A) simulation system. 

In the new model, the subfactors are weighted individually based on their relative 
importance to the attribute of which they are members. Each subfactor is assigned a value 
that represents the level of that subfactor in the unit or observer under consideration. The 
subfactor values are used together to determine the overall level of each attribute in the unit 
or observer. Together the attributes describe the overall state of capability or performance 
of a unit or observer from a human factors perspective. The unit or observer’s capability 
state can be used as a modifier for the probability of detection as currently calculated for 
the JANUS (A) simulation system. The resulting modified output should more closely 
represent the total process of target acquisition, adding recognition and identification 
capabilities to the simple detection task now considered during combat simulations. Both 


realism and usefulness should be improved. 
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The implementation of the human factors model proposed for incorporation in the 
JANUS (A) system is described in Chapter V. As the implementation is only a prototype, 
testing the effects of this incorporation is left for further research and study. However, 
adding, subtracting, and changing the human factors used in the prototype 1s a possible and 
expected modification that can be easily accomplished as more data are collected and 


testing begins. 


46 


IV. DATA COLLECTION AND ANALYSIS 


A. COLLECTION OF SUBJECT MATTER EXPERT OPINIONS 


1. Survey Background 


Human factors simulation data related to the target acquisition attributes and 
subfactors of interest are essentially unavailable. Thus a survey was undertaken to 
determine the relative importance of these attributes and subfactors, as judged by subject 
matter experts. The experts who participated in the survey were U. S. soldiers taking part 
in system evaluation exercises at Ft. Hunter-Liggett, California, during February 1994. The 


survey was conducted via a detailed, structured questionnaire, included as Appendix A. 


2. Subject Matter Experts 

The JANUS (A) system is primarily a ground unit battlefield simulator. The 
proposed model affects only the target acquisition portion of this ground combat system. 
Thus the appropriate subject matter experts are those with experience in ground combat 
operations or exercises and who also have experience in target acquisition tasks during 
these operations or exercises. The personnel deemed most likely to have this experience 
were U.S. Army personnel, with either infantry or armor training. Actual combat 
experience was not deemed essential, but such experience would be an additional bonus, 
and those with recent operational experience were preferred over those long absent from 
these duties. 

This choice of personnel to serve as subject matter experts led to the selection of 
a group of soldiers who were participating in a weapons test program in at Ft. Hunter- 
Liggett military reservation. The weapons testing included the acquisition of ground targets 
by the test personnel using the target acquisition systems of M1 tanks. The targets were live 
vehicles and the test was completed in both day and night environments. A total of eight 


soldiers participated in the tests and were administer the survey in Appendix A. 


4] 


3. Questionnaire Development 


A structured questionnaire was developed in accordance with the guidelines 
from the Army Questionnaire Construction Manual [Ref. 15]. The information desired was 
the relative importance of each subfactor for its related attribute and the relative importance 
of each attribute for the task of searching for and acquiring ground targets. The 
questionnaire also included a rating scale for the linguistic variables used for this study, five 
variables ranging from Very High to Very Low. Participants were asked which number, on 
a scale of 0-100, best describes each linguistic variable. Information was collected about 
each participant’s military job experience, rank, and combat experience. 

The questionnaire included detailed definitions for the attributes and bnef 
examples for the subfactors. Since the relative importance of the attributes and factors 
depends to some extent on the type of combat operation, a brief scenario was included as 
an example ground combat mission, which is presented below. 


¢ The observer is in the field as part of a ground combat unit, involved in a quick 
response action in a Third World country. The combined action also includes 
military units from other nations. The action 1s a protracted one, expected to last 
for weeks or months. 


¢ Locations of targets in the combat area are not known, so active search 1s critical. 


* The possible targets may include enemy tanks, APCs, or other vehicles. Rules of 
engagement require that a target be positively identified prior to engagement. 


¢ The observer has available an advanced portable weapon such as the Javelin, but 
is relying primarily on direct vision to locate potential targets. The weapon’s 
sensor system may be used for identification, if needed. 


4. Survey Administration 
The survey was administered twice to the same group of eight soldiers, in order 
to determine test-retest reliability. The small number of participants precludes assuming 
that the precise relationships among attributes and subfactors have been established by this 
study. However, the number is considered adequate to indicate trends and rank ordering, 


and to serve as a baseline for any data that may be collected at a later time. 
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The first survey was administered by a civilian engineer who was involved in the 
Ft. Hunter-Liggett system evaluation exercises. Only seven of the eight soldiers who were 
to participate in the exercise completed the questionnaire. The survey was administered as 
a group; however each soldier completed a separate, individual questionnaire. This was 
done within a few days prior to the start of the system evaluation exercises. 

The second survey was readmuinistered several weeks later by the author after the 
exercise had been completed. The questionnaire was administered to the eight soldiers as a 
group in a closed classroom with the individuals separated from one another by 
approximately 10 feet. After a brief description of the purpose of the questionnaire and a 
brief overview of the scenario that was being considered, the participants again completed 
individual questionnaires (see Appendix A). The total time for all participants to complete 


the questionnaire was 20 minutes. 


5. Participant Information 

The subject matter experts surveyed for this study were all currently employed 
as crew members for the U.S. Army’s M1 tank. They were all Army enlisted personnel who 
were past their first enlistment and could therefore be classified as career soldiers. Rank, 
length of service in months, length of time in months in their current specialty as M] tank 
crew members, and combat experience for each participant are shown in Table 1. 

As shown in Table 1, the average length of time in the current specialty for the 
survey participants was 95 months; that is 7 years and 1] months. The average time in 
service was 10 years, and 50 percent of those surveyed had combat experience. Due to the 
nature of search and acquisition tasks for the area of specialty of these participants the data 
obtained was considered relevant to the current study. The ranks of the participants ranged 
from E-4, specialist or corporal, through E-5, sergeant, and E-6, staff sergeant, to E-7, 


Sergeant first class. 
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Table 1: PARTICIPANT PERSONAL DATA 


Participant 
Number 








Length of 
Service 
(months) 







Length in 
Specialty 
(months) 






B. RESULTS OF FIRST SURVEY 


1. Survey Results for Subfactor Importance 
Survey results obtained from the first administration of the questionnaire are 
reported here for individual subfactors for each of the six target acquisition attributes. Table 
2 shows the results for the first survey question, which asked about the extent to which the 
four subfactors of the attribute Attention Level affect that attribute. The subfactor /evel of 
enemy threat was considered by almost all of the participants to be the most influential 


subfactor for this attribute. Positive unit interactions was considered the second most 


important subfactor, followed by operational workload and then personal stress. 


Table 2: RELATIVE IMPORTANCE OF ATTENTION LEVEL SUBFACTORS 


Tamara [fo [> [oe oo 
Positive Unit Interactions (%) | - | 25 | 26 | 21 | 22 | 32 | 38 | 24 Faz 21-38 
ronisewe [Te [fafa] [e [= bel a 
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Survey results for the seven subfactors of the attribute Distraction (Question 2) 
are shown in Table 3. With a larger number of subfactors, the individual percentages are 
smaller, but the relationships among the subfactors can be clearly seen. The subfactors 
extraneous distractions and combat training level were deemed most important but not by 


a large margin. Operational intensity and negative unit interactions were also rated fairly 


highly by most of the participants. 
Table 3: RELATIVE IMPORTANCE OF DISTRACTION SUBFACTORS 


ooo 
Saonracranin® | p> pefsts 16 fe [ 
[seeaivetrrneacinse) | [a [a fre [is [es [= 
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Extraneous Distractions (%) |- [as [i as [25 [25 | 6 [19 Wg 62s | 


Table 4 shows the ratings for the four subfactors of the attribute Workload, 
















(Question 3). Systems training level and systems experience level both received higher than 


average ratings from the survey participants. 


Table 4: RELATIVE IMPORTANCE OF WORKLOAD SUBFACTORS 






Number and Complexity 
of Systems (%) 


Systems Training Level (%) ies) [ay 37 | 13-43 
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The nine subfactors of the attribute Physical Stress and Fatigue (Question 4) are 












shown in Table 5. Again, the large number of subfactors results in the averages that are 


5] 


smaller. The only subfactor that is much higher or lower than the average expected value 


is the subfactor physical difficulty of system operation, which was much lower than 


average. The remaining averages are all very close to the average expected values. 


Table5: RELATIVE IMPORTANCE OF PHYSICAL STRESS 
AND FATIGUE SUBFACTORS 






Length of [Gnitocned | 10S 51S a ol ae 12 2 
Involvement (%) 
| Cumulative Time Engaged (%) lime | Cumulative Time Engaged (%) (%) 10 | p18 EAESERCRER:” oe | 2a 
Physical Difficulty of EE —— 1Z 
System Operation (7%) 
Level | Level of Health (%) Health | Level of Health (%) 5- | Seem 
Seen ee ee 
SN CE 


sorsevoresn |= le [ola f [a [a eo 
Sleep During Operation (%) ee eae 10 | 0 Tl oe 


Table 6 shows the opinions of the subject matter experts on the seven subfactors 


















of the attribute Mental Stress (Question 5). The subfactors enemy threat level, systenis 
training level, System experience level, and command level were considered to be equally 
important by the participants, on average. This is consistent with the importance attached 
to the first three of these subfactors as determined for the attributes Attention Level and 
Workload earlier. 

Table 7 contains the questionnaire results for the four subfactors of the attribute 
Vigilance Level (Question 6). For this attribute, none of the subfactors was judged to be 
greatly more important than the rest. There were small differences, but nothing more than 


5% from the expected average. 
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Table 6: RELATIVE IMPORTANCE OF MENTAL STRESS SUBFACTORS 
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Table 7: RELATIVE IMPORTANCE OF VIGILANCE LEVEL SUBFACTORS 
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2. Survey Results for Attribute Importance 
Table 8 provides the results of Survey Question 7, “To what extent do the 
following attributes affect Jarget Acguisition, given that the Target is visible.” The 
attributes are weighted as to the percentage of importance of the attribute to the overall 
search and acquisition task. 
As shown in the table, the attribute Attention Level was considered to be very 
important to the target acquisition task by the survey participants. The attribute Vigilance 


Level was also considered to be of higher than average importance. The numerical order of 
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importance of the six attributes to the search and acquisition task, as determined by the 
survey participant’s was: 


¢« Attention Level (25%) 

¢ Vigilance Level (19%) 

¢ Distraction (15%) 

¢ Workload (14%) 

¢ Physical Stress and Fatigue (13%) 
¢ Mental Stress (12%) 


Table 8: RELATIVE IMPORTANCE OF ATTRIBUTES FOR 
TARGET ACQUISITION 
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3. Survey Results for Linguistic Variable Levels 

















Table 9 records the results Question 8. This question asked the participants, 
“Using a scale of 0 - 100, with 100 representing the maximum possible and 0 the minimum 
possible, indicate the number which best fits the following descriptors as they relate to an 
Observer's probability of target acquisition.” The responses provide a measure of the peak 
values for each of the seven linguistic variables used in this study. These values are not used 
for the actual prototype program fuzzy sets because of the possibility of gaps or skewed 
Sets. They are useful, however, in showing why a fuzzy logic based model is appropriate. 
Each of the participants provided different values for the seven linguistic variables. This 
shows the differences in the meanings attached to the linguistic variables by the individual 


participants and thus the ambiguity which must be overcome by any definition of the 
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linguistic variables. Fuzzy logic 1s very good for working with such imprecise data 


definition and therefore has been a good choice for the prototype program. 


Table 9: LINGUISTIC VARIABLE VALUE LEVELS 
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1. Survey Results for Subfactor Importance 

The following tables record the results of the second administration of the 
survey, as described above. This second survey was administered to the eight participants 
after the evaluation exercise was completed. 

Table 10 shows the results for the first survey question dealing with the 
importance of the four subfactors for the Attention Level attribute. The participants 
considered the subfactor enemy threat level to be much more important than the other 
subfactors. They judged this one subfactor to account for over half the total attribute’s 


effect on performance. 


Table 10: RELATIVE IMPORTANCE OF ATTENTION LEVEL SUBFACTORS 
oe 
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Survey results for the seven subfactors of the attribute Distraction (Question 2) 
are Shown in Table 11. The subfactors operational intensity and enemy threat level were 
considered to have a large effect on Attention Level The subfactor extraneous distractions 
was also judged to have a higher than average effect. At the other end of the scale, the 


subfactors system failure probability and negative unit interactions were considered to 


have a lower than average effect on this attribute. 


Table 11: RELATIVE IMPORTANCE OF DISTRACTION SUBFACTORS 
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The ratings for the four subfactors of the attribute Workload (Question 3) are 












shown in Table 12. The subfactors systems training level and systems experience level both 


received high ratings from the survey participants. 


Table 12: RELATIVE IMPORTANCE OF WORKLOAD SUBFACTORS 
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The nine subfactors of the attribute Physical Stress and Fatigue (Question 4) are 







shown in Table 13. The subfactor length of operational involvement was the only subfactor 


56 


with a weighting greater than the expected average by a large margin, accounting for 17% 
of the total effect of this attribute where the average expected value is 11%. All other 
subfactors are within 3% of this expected value. 


Table 13: RELATIVE IMPORTANCE OF PHYSICAL STRESS 
AND FATIGUE SUBFACTORS 
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Table 14 shows the ratings given to the seven subfactors of the attribute Mental 
Stress (Question 5) by the survey participants. The subfactor enemy threat level was 
considered by the participants to be very important to the total effect of this attribute, 
whereas the subfactor system failure probability was judged to be of lower than average 
importance. 

Table 15 contains the results for the four subfactors of the attribute Vigilance 
Level (Question 6). None of the subfactors for this attribute were greater then 3%from the 


expected average value of 25%. 
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Table 14: RELATIVE IMPORTANCE OF MENTAL STRESS SUBFACTORS 
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Table 15: RELATIVE IMPORTANCE OF VIGILANCE LEVEL SUBFACTORS 
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2. Survey Results for Attribute Importance 





Table 16 contains the results of Survey Question 7, which deals with the 
importance of the attributes to the search and acquisition task. As shown in the table, the 
attribute Attention Level was considered to be the most important to the target acquisition 
task by the survey participants. The attributes Physical Stress and Fatigue, Distraction, and 
Vigilance Level were also rated as being of higher than average importance. The numerical 
order of importance of the six attributes to the search and acquisition task, as determined 


by the survey participants, was: 
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¢ Attention Level (22%) 

¢ Vigilance Level (19%) 

¢ Physical Stress and Fatigue (18%) 
¢« Distraction (17%) 

¢ Workload (12%) 

¢ Mental Stress (12%) 


Table 16: RELATIVE IMPORTANCE OF ATTRIBUTES FOR 
TARGET ACQUISITION 
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3. Survey Results for Linguistic Variable Level 











Table 17 records the results of the final survey question, Question 8. This 


question asked the participants to specify the number between 0 and 100 that best describes 


the seven linguistic variables used for this study. 


Table 17: LINGUISTIC VARIABLE VALUE LEVELS 
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D. SURVEY COMPARISON 


The two surveys whose results are recorded in this study were completed by the same 
group of subject matter experts. However, the results of the two surveys differ for many of 
the subfactors of each attribute. Even in the final ranking of attribute importance itself, the 
results are different for half the attributes. Since the participants were the same for both 
surveys, this 1s unexpected. 

The ranking differences occurred most notably in the subfactor ratings for the 
attributes with a large number of subfactors, e.g., Physical Stress and Fatigue, Distraction, 
and Mental Stress. Differences in percent importance occurred for most subfactors and 
attributes. The linguistic variable value scores were also different, some by a large margin. 
A breakdown of the major differences in importance rankings for the subfactors and the 


attributes follows. 


1. Comparison of Subfactor Rankings 

For the four subfactors of the attribute Attention Level, enemy threat level was 
ranked as the most important for both surveys. Operational workload increased in rank 
from third to second from the first survey to the second survey. Personal stress also 
increased in the second survey, from least important to third in importance. Positive unit 
interactions declined from second in importance in the first survey to least important in the 
second survey. 

The seven subfactors of the attribute Distraction changed their importance 
ranking significantly from the first survey to the second. Second survey ranking was (1) 
enemy threat level, up from sixth in first survey, (2) operational intensity, which was third 
previously, (3) extraneous distractions, down from most important to third in importance, 
(4) combat experience level, increased from fifth to fourth in importance, (5) combat 
training level, decreased from second most important to fifth most important, (6) system 


failure probability, which increased from least important to sixth out of seven, and (7) 
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negative unit interactions, which decreased from fourth to seventh (least) in importance 
from the first survey to the second survey. 

For the four subfactors of the attribute Workload, two of the most important 
subfactors changed positions. The ranking of these subfactors after from the second survey 
are as follows: (1) system experience level, which was second of four in the first survey, (2) 
system training level, from most important in the first survey to second in the second 
survey, (3) number and complexity of systems, and (4) system failure probability. The two 
least important subfactors did not change ranking between the first and second survey. 

For the attribute Physical Stress and Fatigue, the nine subfactors were ranked 
much differently in the first and second surveys. Ranking of the four most important 
subfactors after the second survey was: (1) length of operational involvement, changed 
from third in importance to the most important from the first to the second survey, (2) 
cumulative time engaged, ranked seven of nine in the first survey but second of nine in the 
second survey, (3) sleep prior to operation, which increased in importance from fifth to 
third of nine, and (4) level of protective gear, which decreased from second in importance 
to fourth in importance between the two surveys. The remaining five subfactors were 
ranked as follows: (5) sleep during operation, increased from eighth of nine to fifth, (6) 
environment, decreased from fourth to sixth in importance, (7) availability of food and 
water, dropped from sixth to seventh most important, (8) level of health, judged to be the 
most important subfactor in the first survey, but in the second ranked only eighth of nine (a 
very large change), and (9) difficulty of system operation, ranked as least important in 
affecting an observer's physical stress and fatigue in both the first and second surveys. 

The seven subfactors of the attribute Mental Stress showed numerous small 
Changes in ranking between the two surveys. Only the subfactor time available showed a 
relatively large change in importance. The ranking for this attribute’s subfactors is as 
follows after the second survey: (1) enemy threat level was considered to be the most 
important in affecting the Mental Stress level of an observer in both surveys, (2) time 


available increased from fifth of seven subfactors to the second most important, (3) system 
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training level decreased from second in rank to third, (4) system experience level was 
judged to be the fourth most important subfactor in the second survey and the third most 
important in the first survey, (5) personal stress increased from sixth to fifth in ranking, (6) 
command level decreased in importance from fourth to sixth most important and (7) system 
failure probability was determined to be the least important 1n both surveys. 

Ranks of Vigilance Level subfactors all changed between the two surveys but, 
as with the attribute Workload, none changed by more than one position. The second 
survey ranking of these subfactors was: (1) sleep prior to operation, increased from second 
to first in importance, (2) length of operational involvement, which dropped from being the 
most important to being second in importance between the surveys, (3) sleep during 
operation, increased from least importance to third of four, and (4) distractions, considered 


less important in the second survey, falling from a ranking of third to a rank of fourth. 


2. Comparison of Attribute Rankings 

The attribute rank changed for half of the attributes from the first survey to the 
second survey. It is interesting to note that the first, second, and least important attribute 
ranking remained the same for both surveys. Ranks of the remaining three attributes 
changed, but not by large amounts. This shows a relatively consistent determination of 
importance by the survey participants for both surveys. 

The attributes ranked as the top three 1n the second survey were: (1) Attention 
Level, which was determined to be the most influential attribute affecting the target 
acquisition performance of an observer in a combat situation in both surveys, (2) Vigilance 
Level, judged to be second most important in both surveys and, (3) Physical Stress and 
Fatigue, ranked as fifth most important in the first survey and third in the second survey. 
The remaining three attributes were ranked as follows: (4) Distraction, judged third most 
important in the first survey and fourth in the second. (5) Workload, ranked fourth in the 
first survey but only fifth in the second and, (6) Mental Stress, which was considered to be 


least important in its effect on target acquisition performance in both surveys. 
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3. | Comparison of Linguistic Variable Values 


The last survey question asked the participants to pick the number, in the range 
0-100, that best described each of the seven linguistic variables used in this study. The 
resulting average values for these variables changed significantly between the two surveys. 
This reinforces the decision not to utilize these values as the center (or peak) values for the 
fuzzy sets used in the prototype program. The average values are shown in Table 18 for 


each linguistic variable, for both the first and second survey. 


Table 18: LINGUISTIC VARIABLE 
AVERAGE VALUES 


Moderately High oh ee a 


Prec ea 


Moderately Low 


4. Possible Explanations of Survey Differences 





Because the same survey was administered to the same group soldiers both 
times, the results were expected to be very similar. Although not all participants showed 
large changes in their judgements of the subfactor importances, enough did to produce 
greater than expected differences. The average amount of change for the seven soldiers 
who completed both surveys was 7% per subfactor. The lowest average change was 1.6% 
for one Soldier, the highest was 11.8% for another. Several explanations for these changes 
are possible. 

First, the participants may have changed their determinations based on the 


exercise that they had recently completed. While this exercise may or may not have added 
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much to their individual opinions, it may have brought experiences back to memory that 
had not been considered for the first survey. This remembering of past events may have 
been applied to the second survey and resulted in changed judgements. 

A second possibility may be that the scenarios to which the questions applied 
were presented differently for the two surveys. The two administrators may have given 
different explanations of what the subfactors and attributes were and how they relate to 
target acquisition. Making judgements based on different scenarios could well have 
produced different responses to the questions. 

A third possibility is that some participants did not actually apply their past 
experiences and completed the survey only because they had been told to. A lack of interest 
in the survey or a feeling that their time could be better spent elsewhere may have resulted 
in Survey answeIs given in arandom or semi-random fashion. 

A fourth possibility is that most individuals have no firm, fixed opinions on the 
telative importance of psychological attributes such as Attention and Vigilance. 
Participants may have taken the surveys seriously, but the task assigned them was a very 
difficult one unless they had previously spent time considering what human factors had 
affected their individual performance and the implications of the different attributes and 
subfactors with regard to the target acquisition task. In the absence of previous thoughtful 
consideration, it would have been remarkable for each participant to provide consistent 
answers throughout. In fact, the degree of consistency was surprisingly good. 

Whichever explanation may be responsible for the differences in the results of 
the two surveys, the sample size was nonetheless much too small for reaching definite 
conclusions about the relative importance of factors affecting target acquisition. Additional 
surveys of similar subject matter experts will be required before this is possible. Until these 
future surveys can be completed, the results of this study can be used to provide trend 


information and an idea of rank orders. 


V. FUZZY LOGIC MODEL DESCRIPTION 


A. JANUS (A) TARGET ACQUISITION MODIFICATION 


The goal of this study is to provide an improved model of target acquisition that 
includes human factors that may affect the ability of an observer to detect and identify 
targets. The model is based on data collected from questionnaires completed by subject 
matter experts, the personal experiences of the author, and collected experiences of JANUS 
(A) program managers. A fuzzy logic approach has been used for the reasons discussed in 
Chapters I and II. The Army’s JANUS (A) combat simulation system is the proposed 
vehicle for testing and incorporation of the proposed model. The aim of this study is not to 
replace the entire JANUS (A) target acquisition model, but to modify certain portions of it 
to account for the human factors described earlier. The source code for the prototype human 
factors program which will supply the modifications 1s given in Appendix B. 

The proposed fuzzy logic model 1s designed to interact with the JANUS subroutine 
which sets the initial level of detectable cycles for individual units, that 1s, which defines 
the apparent size and contrast of a target that is required for the observing unit to be able to 
detect that particular target. This subroutine is called INITACQ in the current JANUS (A) 
system. It determines an initial number of cycles for a given target based on a randomly 
generated number, as described in Chapter I. 

As discussed below, the final product of the fuzzy logic human factors model is a crisp 
number between 0.0 and 1.0. It is proposed that this crisp number be incorporated into the 
current JANUS (A) target acquisition model in the initialization phase of a JANUS (A) 
simulation run. The fuzzy logic model output would serve as a modification to the threshold 
number of resolvable cycles that is computed for each sensor-target pair in the subroutine 


INITACQ. 
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The INITACQ threshold number could be modified in two ways The first would be to 
divide the resolvable cycles (produced by the current procedure) by the result of the human 
factors program. When the output of the human factors model is less than 1.0, this would 
increase the number of resolvable cycles required across a target before it could be 
considered for the sensor’s potential target list. This process would simulate lowering the 
performance of the sensor because of the performance degradation effects of human 
factors. A problem with this method 1s that each sensor-target pair receives a threshold 
number of resolvable cycles by the generation of a random number. This means that two 
sensors of the same type may have large differences in the threshold number of resolvable 
cycles even before the consideration of additiona} factors. 

A second modification technique would be to replace the random number of resolvable 
cycles with a base number of resolvable cycles that would be used by all sensors of a 
specific type. This base number could then be modified by dividing it by the output of the 
human factors program. A suggested value for this base number of resolvable cycles is 1.0. 
This number would result in a value of 0.5 for the probability of detection by an arbitrary 
group of observers [Ref. 1]. A related option would be to have the user specify a base 
number for each sensor type during initialization. Alternatively, a random base number 
could be assigned, as is done currently, but the base number could be generated for each 


specific sensor type rather than for each individual sensor-target pair. 


B. COMPUTER IMPLEMENTATION 


The current implementation of the proposed fuzzy logic human factors model is 
written in the Common LISP computer language. A menu system has been written for both 
the Star Sapphire Common LISP and the Allegro Common LISP implementations, each 
with program-specific function calls, and will not operate under other Common LISP 
implementations. This does not affect the actual operation of the fuzzy logic program, but 


it does prevent the use of the menu system with other Common LISP interpreters. The 
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following discussion assumes that the prototype system 1s running under the Star Sapphire 
Common LISP interpreter. 

The Common LISP language was chosen for this program because prototyping is 
easier due to LISP’s interpreted operation and its high-level design. However, due to its 
method of retrieving memory that 1s no longer being used by the program (referred to as 
“garbage collection”), Common LISP is not considered suitable for real-time simulation 
applications. Neither is it desirable to have a separate language running for such a small 
part of the simulation, since the rest of the JANUS (A) simulation is written in the 
FORTRAN programming language. 

Because of these considerations, it may be desirable eventually to rewrite the current 
implementation in FORTRAN. This should not be hard since the Common LISP function 
definitions are relatively small and Common LISP can normally be converted to another 
high-level language, such as FORTRAN or C or C++, with considerable ease. 

Changing the existing JANUS (A) program to utilize the fuzzy logic model should be 
relatively easy. Modification could consist of a call to the proposed model’s program as a 
subroutine and division of the base number (or any number desired by the implementor) by 
the output returned from the subroutine call. 

Because the fuzzy logic human factors model program is written as a completely 
separate program, it need not be inserted in its entirety into the existing simulation program. 
The model could be used as a stand-alone process that is initiated by the existing target 
detection simulation program. Its result can be passed back to the existing program for use 
in modifying the INITACQ output before continuing with the initialization phase of the 


simulation. 


C. FUZZY LOGIC MODEL OPERATION 


1. Program Initialization 


The fuzzy logic model program requires that a Common LISP interpreter be 


Operating for it to run, in the current configuration. Once the interpreter is running, the file 
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FSTART.LSP must be loaded. This file then loads the program files FUZZY.LSP and 
MENU.LSP, which contain the fuzzy logic and menu functions. 

After the file FSTART.LSP is loaded, and after it loads the FUZZY.LSP and 
MENU.LSP files, the program is started by calling the function startMenu. In a LISP 
environment, a function 1s called by placing its name and any necessary arguments inside 
parentheses, e.g., (startMenu). In the fuzzy logic program, once this function call 1s made 
the program is controlled entirely from the menu system. Desired options are selected by 
entering the associated menu number or letter. Each menu Selection takes the user to 
another menu level or to an entry screen where inputs can be entered. Figure 7 shows an 


example of the top level menu associated with the fuzzy logic program. 


TOP MENU 


1. Final Output Menu 


2. Attribute Menu 


A. Exit and Compute Final Output 





Figure 7: Example Top Menu 


As shown in Figure 7, to select the entry for entering a final output value directly 
(without any computation by the fuzzy logic program), a 1 should be entered. To enter 
attribute or subfactor weights and linguistic values, the number 2 should be entered. The 
letter A exits the program and computes the final output based on the values entered by the. 


uSer 


2. User Inputs 
The user first specifies which of the six attributes or their related subfactors is to 
be defined (see Figure 8). Model inputs consist of typing in a numerical weight for the 
specified attribute or subfactor, an abbreviation for the desired linguistic value for that 
same attribute or subfactor, or both. Case and order of entry are not important as the 


program can handle any order or case. Input is terminated by pressing the return or enter 
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key. The user is then returned to the menu for selection of another attribute or subfactor, if 
desired. 

For an attribute, the weight that is entered represents the importance or 
contribution of that attribute to the overall target acquisition performance level. The output 
is a single number in the range [0-1]. For a subfactor, the weight represents the importance 
or contribution of that subfactor to the attribute of which it is a part. For example, a weight 
of 0.5, if applied to an attribute, would make that attribute responsible for half of the total 
output number produced by the program If applied to a subfactor, it would make that 
subfactor responsible for half of the value of the applicable attribute. The contributions of 


the remaining subfactors would then sum to 0.5. 


Attribute Weights and/or Values Menu 


. Attenuon Level” 
. “Distraction Level” 
. “Workload” 
. “Physical Stress and Fatigue” 
. Mental Stress” 
6. “Vigilance Level” 


A. Return to Previous Menu 


“Attention Level” 
“Distraction Level” 


“Workload 


“Physical Stress and Fatigue” 
“Mental Stress” 


“Vigilance Level” 





Figure 8: Example Attribute Menu 


The linguistic values used for this model are the values Very Low, Low, 
Moderately Low, Medium, Moderately High, High, and Very High (abbreviated as VL, L, 
ML, M, MH, H, and VH for input into the program). These linguistic values represent the 
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level of the attribute or subfactor that 1s affecting the performance of the unit or individual. 
Input entry order or case is not important, but it is important that the linguistic value entered 
be one of the specified seven values. If not, an error is signalled and the program returns 
the user to the menu from which the entry was selected. 

The linguistic values are combined using the fuzzy union operation, described in 
Chapter II, to produce a final fuzzy set representing the current performance state of the 
unit or individual, based on the modeled human factors. This final fuzzy set is then 
defuzzified to produce an overall level of target acquisition performance. The final output 
is a Crisp number that represents a level of performance less than or equal to the best 
possible performance. In other words, an output of 1.0 indicates that the unit is performing 
as well as it 1s possible for it to perform, based on the human factors modeled. As the output 
will usually be some value less than 1.0 (though this is determined by the user) this 
resulting number represents the degrading effects of human factors on the overall 


performance of the unit, as the model is currently implemented. 


a. Setting Attribute Weights and Linguistic Values 


If desired, the subfactors for any or all attributes can be ignored and weights 
and linguistic values for the attributes themselves may be input (see Figure 9). Weights for 
the attributes should be input even if subfactor weights and values have also been input, 
unless the default weights are desired (see below). Setting the weights is necessary for 
determining the percentage of the resultant fuzzy set due to each individual attribute. 

When setting the values for the weight and linguistic variable value of an 
attribute, the entry can consist of either (1) both weight and linguistic value, (2) weight 
alone, (3) linguistic value alone, or (4) neither weight nor linguistic value. If either or both 
of the entries are omitted, the unentered part is set to the program’s default value. For the 
linguistic value, the default value is Medium, M. For the weight, the default value is based 
on the number of other attributes for which no weight value has been set. The weight used 


is equal to 1.0 minus the total of the weights that have been set, with this amount divided 
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by the number of unentered weights. For example, if values have not been set for four of 
the six attributes, and the two that are set have a total weight of 0.5, then the default weight 
for one of the attributes not already set would be (1.0 - 0.5) / 4, or 0.125. If no attribute 
weights have been set, the default values are the same as those that were determined from 


the survey administered to subject matter experts and described in Chapter IV. 


Subfactor Menu for “Atrenuon Level” Attribute 
1. “Workload” 
2. threat Level” 
3. “Positive Crew Interaction” 
4. “Personal Stress” 


A. Return to Previous Menu 


“Workload” 


“Threat Level” 


“Positive Crew Interaction” 


‘Personal Stress” 





Figure 9: Example Subfactor Menu 


After data entry, the value of the linguistic variable may appear to be 
different from the input value in the display of the values for all the attributes. Some 
attributes have a negative impact on performance while others have a positive impact. If 
the attribute has a positive impact, the linguistic variable value will be the same as that 
which 1s entered by the user. If the attribute has a negative impact, the displayed entry will 
have a value equal to the reciprocal of the input value. For example, the reciprocal of VL is 
considered to be VH, for MH the reciprocal is ML, etc. With input values of 0.5 and VL, if 
the attribute has a positive impact on performance, the values set by the program will be 
Q.5 and VL. If it has a negative impact, the values set will be 0.5 and VH. This process is 
used because the program computes the final output value based on the best possible 


performance. The determination of which attributes and subfactors have positive and which 
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have negative impacts on performance was determined during previous research and data 
collection (Chapters III and IV). The positive and negative values cannot be changed from 
the menu system in the current implementation, but could be added in a future 
implementation, if desired. 

The user may change an already-entered value of an attribute by selecting 
that attribute from the appropriate menu (see Figure 8). Both the weight and the linguistic 
value for that attribute must be reentered, even 1f only one of them is to be changed; 
otherwise the default value will be set for the value not reentered. For example, if an 
attribute is set to a weight of 0.3 and a linguistic value of VL and the weight is to be 
changed, the linguistic value must also be reentered, else the default linguistic value of M 


will be set for that attribute’s linguistic- value when the weight is changed. 


b. Setting Subfactor Weights and Linguistic Values 


An example menu for selecting the subfactors of an attribute 1s shown in 
Figure 9. The subfactors are different for each attribute but the format is the same. The total 
of the subfactor weights for each attribute is 1.0. This assumes that each subfactor plays 
some part in defining the total importance of the attribute. A weight of 0.0 can be assigned 
if 1t is desired not to include a particular subfactor in the attribute. In the case where 
subfactor levels and weights are input, the attribute weights are still required even though 
the model computes attribute levels based on subfactor levels and weights. 

The user has the capability to set the weights and linguistic values of each 
subfactor for any of the attributes, if that is desired. The entry procedure is the same as 
described above for the attributes. The default linguistic values of the subfactors are the 
same as for the attributes. However, the current default weights depend on the number of 
subfactors and the number for which weights have not been set, for a particular attribute. 
The procedures for changing subfactor weights or linguistic values is the same as for 


attributes. 


12 


c. Setting a Single Output Value 

It 1s possible for the user to specify a single number in the range [0-1] for 
the final output value of the human factors mode] through the menu system (see Figure 10). 
The entry of a single linguistic variable value 1s also possible. This single linguistic value 
is then defuzzified to give the final output value. The user can thus set predetermined levels 
of performance without having to set values for each of the attributes or subfactors. To set 
either a single numeric or linguistic value for the final output, the appropriate menu entry 
is chosen and the number or linguistic value is input. The range of numbers, [0-1], and the 


set of linguistic values described above are used. 


Final Output Menu 


1. Enter Final Output as a Numenc Value 


2. Enter Final Output as a Linguistic Value 


A. Return to Top Menu 





Figure 10: Example Final Output Menu 


d. Input Options 

If the user desires, weights and linguistic values for a combination of 
subfactors and attributes may be specified. If the user sets both the attribute values and all 
of the subfactor values for that attribute, the subfactor values are used to determine the 
attribute values, and any input linguistic value for that attribute is ignored. If some but not 
all of the subfactor values are set, the attribute values that have been set for that attribute 
are used. If either none or only some of the subfactor values have been specified by the user, 
and the attribute values have also not been specified, the program sets the attribute values 


to the default values for its calculation of the final output. 


(6) 


3. Final Output Calculation 
Once all desired weights and linguistic values for subfactors and attributes have 
been input, the model converts each input into a representation of the fuzzy set associated 
with the input linguistic value. For example, if the input linguistic value for an attribute 
were ML, the attribute would be assigned a value of the fuzzy set representing the 


Moderately Low fuzzy set. This set would look hike this prior to weighting. 
Attribute Set = {0/0, 0/1, 0.35/2, 0.85/3, 0.65/4, 0.15/5, 0/6, 0/7, 0/8, 0/9, O/10}. (3.1) 


Next, the weight of the subfactor or attribute is used by the model to convert this 
fuzzy set into a weighted fuzzy set that describes both the linguistic value and weight of the 
subfactor or attribute. This is done by multiplying each membership value of the original 
fuzzy set by the weight value. For the attribute set shown above, the resultant set would 


look like this with a weight input of 0.5. 
Weighted Set = (0/0, 0/1, 0.175/2, 0.425/3, 0.325/4, 0.075/5, 0/6, 0/7, 0/8, 0/9, O/TO}A(S:2) 


This process is repeated until all of the attributes and subfactors have been 
processed. Any subfactor or attribute for which values are not entered by the user is 


assigned the default values as described above. 


a. Determination of Fuzzy Sets 


Once the values for the subfactors and attributes have been set by the user 
or the default values have been assigned, the program computes the resulting fuzzy sets. 
Sets are calculated for each subfactor if all subfactors for an attribute have been entered, or 
for the attribute otherwise. 

For example, consider the attribute fuzzy set for the attribute Vigilance 
Level, as defined by the subject matter expert survey (Chapter IV). This attribute has 
subfactors of Length of operational involvement, denoted here as LOI, Amount of sleep or 


rest prior to mission or operation, SPM, Amount of sleep or rest during mission or 
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operation, SDM, and Level of observer's distraction, LOD. Based on the survey results, the 
Weems tor these sets would be» LOl= 0.27 SPM = 0.28, SDM =0.23, LOD =0.22. If the 
user entered linguistic values for these subfactors corresponding to LOI = M, SPM = H, 


SDM = ML, and LOD = L, the resultant fuzzy sets would look like this. 


EOl= { 0/0; 0/1), 0/2, 0/3; 0.135/4, 0.27/5, 0.133/6, 0/7, 0/5; 0/9, 0/10}. 

SPM = {0/0, 0/1, 0/2, 0/3, 0/4, 0/5, 0/6, 0.084/7, 0.228/8, 0.196/9, 0.056/10}. (5.3) 
SDM = {0/0, 0/1, 0.08/2, 0.196/3, 0.15/4, 0.035/5, 0/6, 0/7, 0/8, 0/9, 0/10} 

LOD = {0.044/0, 0.154/1, 0.176/2, 0.066/3, 0/4, 0/5, 0/6, 0/7, 0/8, 0/9, 0/10}. 


The fuzzy union operation is then applied to these four subfactor fuzzy sets 
to produce a Single fuzzy set for the attribute Vigilance Level (denoted here by VGL). This 
fuzzy set would look like the following. 

VG = 1004470; 04194) 1,,0.176/2, 0196/3; 0.15/74, 0.2775, (5.4) 

0.135/6, 0.084/7, 0.224/8, 0.196/9, 0.056/10}. 

This process of attribute value determination is carried out for all attributes 
that have not had an attribute level and weight input or that have not had all subfactor 
weights and values specified by the user. If both subfactor linguistic values and weights 
have been specified and an attribute linguistic value has been input for the same attribute, 
the input subfactor linguistic values and weights are used and the attribute linguistic value 
is ignored. The final procedure of this section applies the attribute weight, using the method 


described above, to the calculated attribute fuzzy set. 


b. Determination of Final Resultant Set 


A final resultant fuzzy set is determined by taking the fuzzy union of all 
attribute fuzzy sets. This process is essentially the same as that described in the previous 
section for determining an attribute fuzzy set from its component subfactors fuzzy sets. If 
no values are entered for the subfactors of all the attributes and the default linguistic value 


of Medium is applied to each set, the final attribute fuzzy sets would look like those in 


tes. 


Equation 5.5. This assumes that the weights for the fuzzy sets are the same as the weights 
specified by the subject matter experts surveyed. 
Attention Level = (0/1, 0/2, 0/3, 0.11/4, 0.22/5, 0.11/6, 0/7, 0/8, 0/9, 0/10) 
Distractions = (0/1, 0/2, 0/3, 0.085/4, 0.17/5, 0.085/6, 0/7, 0/8, 0/9, 0/10) 
Workload = (0/1, 0/2, 0/3, 0.06/4, 0.12/5, 0.06/6, 0/7, 0/8, 0/9, 0/10) (5.5) 
Physical Stress/Fatigue = (0/1, 0/2, 0/3, 0.09/4, 0.18/5, 0.09/6, 0/7, 0/8, 0/9, 0/10) 
Mental Stress = (0/1, 0/2, 0/3, 0.06/4, 0/5, 0/6, 0/7, 0/8, 0/9, 0/10) 
Vigilance Level = (0/1, 0/2, 0/3, 0.095/4, 0.19/5, 0.095/6, 0/7, 0/8, 0/9, 0/10) 


Applying the fuzzy union operation to these attribute fuzzy sets yields a 
single resultant fuzzy set. This resultant set, which will be used to determine the final output 
of the program, would look hike this. 


Resultant Fuzzy Set = (0/0, 0/1, 0/2, 0/3, 0.11/4, 0.22/5, 0.11/6, O/7, 0/8, 0/9, 0/10) (5.6) 


c. Defuzzification of Final Output 

After an overall resultant fuzzy set is obtained, the model must defuzzify 
this resultant set to produce a crisp, non-fuzzy numerical output that can be applied to the 
existing JANUS (A) target acquisition model. The final crisp output number which is 
returned from the human factors model program is not calculated until the program is 
exited through the menu system. If the program is exited without setting values for any 
attribute or subfactor and without specifying a final output value for either numerical or 
linguistic factors, the value returned is calculated by setting all of the attributes to the 
default settings and using these settings to determine the final output. The numerical output 
in the current implementation will be 0.5, in this case. 

The method of defuzzification used here is the Center of Sums method as 
described in Chapter II. This method returns a real number that reflects the total value of 
the resultant fuzzy set. Using the example resultant set shown in Equation 5.6, the 


calculation would be done as shown in Equation 5.7. 
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Final Output = 


The membership value for each element of the resultant set is muluplied by 
the element number itself and the results are added together. Next the membership values 
for each element are added together and then multiplied by 10. The first sum (the 
membership values multiplied by the element numbers) is then divided by the second sum 
(the membership values) to produce the final crisp output number. Equation 5.8 shows 


these operations and the calculation of the final output that would be the result. 
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Final Output = 2.2/4.4 =0.5 


This final crisp number represents the overall percentage of optima! target 
acquisition performance for a particular sensor or weapon system or observer. When 
applied to the current JANUS (A) target acquisition model in either of the two ways 
described earlier, a more realistic threshold number of resolvable cycles is provided for that 
sensor OF weapon system or observer, when compared with the current unmodified target 


acquisition threshold output. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 


The goal of this study has been to provide an improved model of target acquisition that 
includes human factors that may affect the ability of an observer to detect and identify 
targets. The model is based on data collected from questionnaires provided to subject 
matter experts, Army personnel taking part in an evaluation exercise requiring the 
acquisition and identification of ground targets. A fuzzy logic approach has been used 
because of the inherent ambiguity of human factors in general and because of the ability of 
this type of approach to model ambiguous and vague data. The Army’s JANUS (A) combat 
simulation system is the proposed vehicle for testing and incorporation of the proposed 
model. This research into human factors effects and fuzzy logic has resulted in a prototype 
computer program demonstrating the new modei. 

The study reported here has covered several broad topics that include fuzzy set theory, 
human factors performance effects, computer programming in the LISP language, and the 
JANUS (A) battlefield simulation system. Conclusions and recommendations based on this 


study are presented below. 


A. CONCLUSIONS 

Battlefield simulators such as the JANUS (A) system allow military commanders to 
practice tactical skills without the need for extensive real-life exercises. The advantages of 
these simulations in training and weapons developmentare efficiency and lower cost, when 
compared with live exercises and testing. In the JANUS (A) battlefield simulation system, 
the events which drive the simulation are themselves driven by the ability of a specific unit 
or sensor to detect enemy units with a specified degree of accuracy. 

Recent advances in computer technology and methodology make the inclusion of more 
realistic models of simulated vehicles possible. It also makes possible the addition of 


previously unused models of other factors in the simulation of combat exercises. These 
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unincorporated models include the human factors performance models related to combat 
effectiveness, which have been widely documented. Inclusion of these human factors 
effects will add significant realism to a simulation by allowing specific human performance 
levels to affect simulations outcomes, instead of relying on purely random inputs or simple 
handicaps. 

Inclusion of these factors is especially important in the area of search and acquisition 
tasks. The effects on the human operating the sensor of many internal and external factors 
has been well documented. Some of these effects can have very detrimental overall effects 
on human operator performance. 

The effects of the factors thought to affect this combat performance tend to be highly 
individualized. Thus a fuzzy logic methodology is suggested for incorporating these human 
factors into a useful model. As shown in other areas where fuzzy logic has been successful, 
vague or imprecise values or elements (Common in expressing human-related concepts) can 
be modeled. Fuzzy logic models can also be easily implemented as add-on subroutines with 
existing systems such as the current JANUS (A) target acquisition model. 

This study has demonstrated the feasibility of such an approach for developing a stand- 
alone model of human target acquisition performance. The model takes into account six 
primary human factors: attention level, distractions, workload, physical stress and fatigue, 
mental stress, and vigilance level. Fuzzy logic has been used for model development, and 
programming was done using the LISP programming language. However, the prototype 
can easily be converted to another programming language, if necessary for incorporation 
as a component of JANUS (A). 

The study has demonstrated the usefulness of obtaining the opinions of subject matter 
experts for program development, when other data was not available. Although only a 
preliminary survey could be carried out at this time, the results have been helpful. They 
enabled development of a prototype fuzzy logic model that reflects the experiences of 
active-duty soldiers, based on their own target acquisition experiences. The model 


represents a first step towards development of a comprehensive description of human 
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detection, recognition, and identification performance that takes human variables into 


account and can be used for prediction and planning. 


B. RECOMMENDATIONS 

This study has not ended the research and development needed for incorporation of 
human factors effects into the JANUS (A) battlefield simulation system. More research is 
required to determine the factors which most affect human performance. The factors 
included in this study should be used only as a starting list of possible factors. Additional 
Surveys of appropriate subject matter experts are needed to determine the most critical 
factors and to add to or subtract from the attributes and subfactors proposed here. 

The interrelations among attributes and subfactors needs to be examined, something 
that was not fully accomplished in this study. This can be done 1n conjunction with subject 
matter expert surveys which are proposed to enhance the list of important factors. 

The prototype program developed for this study must be written in a computer 
language compatible with the existing JANUS (A) system. The structure of the program 
may need enhancements or changes to reflect the results of research into modified factors 
and factor interactions, aS proposed above. The rewritten program code should also be 
optimized to provide the best possible performance of the program with the JANUS (A) 
system. 

Use of the fuzzy set methodology for representing various human factors should be 
modified as necessary to account for structural changes that might be made to the program. 
However the concept of using fuzzy logic for these human factors is sound. Because of the 
advantages described in Chapters I and I], this should not be replaced with another 
methodology. 

Incorporation of similar human factors effects into other simulation systems should be 
considered. Whenever systems simulate human operations, they will benefit from models 


of these effects, provided the simulations can be expanded to include them. 
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APPENDIX A. 


SUBJECT-MATTER EXPERT SURVEY 


This section includes the survey administered to U. S. Army subject matter experts at 


Fort Hunter-Liggett, CA. 
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Target Acquisition Questionnaire 


The purpose of this questionnaire is to obtain the opinions of subject matter experts 
about specific human factors that may influence target acquisition during combat. Subject 
matter experts for this study include U.S. soldiers and marines taking part in training exer- 
cises or system evaluation exercises that involve the location and identification of targets. 

This study is part of an ongoing effort to add more realism to the Army's JANUS battle- 
field simulation system. The proposed additions to the JANUS target acquisition model 
will simulate the effects of human factors on an observer's ability to detect, recognize, and 
identify a target that is within the observer's field of view and is physically detectable 

Survey results will be used to create an improved model of target acquisition perfor- 
mance. That is, the present JANUS physical model will be enhanced by incorporating the 
information from this survey into an additional fuzzy logic model of human performance. 

Return completed questionnaires in person or by mail to: 

LT Marvin Miller 
SMC 1411 


Naval Postgraduate School 
Monterey, CA 93943 


Personal Information 
1. Rank 
2. Length of Service 
3. Primary Military Specialty 
4. Secondary Military Specialty 
5. Years and Months Experience in Primary Specialty 
6. Do You have Combat Experience? 


YES NO 
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Background 


Present models of target acquisition are based primarily on the physical factors that 
make target detection possible, such as target size, target-to-background contrast, and 
weather. Human factors are not included. We are developing an enhanced model of target 
acquisition performance that includes several human-related factors in addition to the 
standard physical factors. These factors include six attributes of the observer who is 
searching for the target: 


¢ Attention level: For this survey the following definition of Attention level is 
being used. Attention level is the level of active concentration on the target 
acquisition task. It 1s the amount of conscious mental focus that is being used for 
the search and detection process. 


¢ Distractions: For this survey the following definition of Distractions is being 
used. Distractions are other activities that the observer must deal with that detract 
from the time available for search and detection tasks. 


¢ Workload: For this survey the following definition of Workload 1s being used. 
Workload is the complexity of the controls and displays necessary to operate, and 
the difficulty and complexity of maintaining, the observation equipment. 


¢ Physical stress and fatigue: For this survey the following definition of Physical 
stress and fatigue is being used. Physical stress and fatigue is the physical effort 
and discomfort associated with use of the observational equipment and the 
physical health and fatigue of the observer using it. 


¢ Mental stress: For this survey the following definition of Mental stress 1s being 
used. Mental stress is the imposed on an observer due to the mental requirements 
necessary to performance of his total task load. This task load is not limited to the 
observational tasks. 


¢ Vigilance level: For this survey the following definition of Vigilance level is 
being used. Vigilance level is the level of alertness of the observer. This alertness 
need not be consciously directed toward anything in particular to be active. It is 
related to a general awareness of the surroundings, not focused but all 
encompassing. 


Each of these six attributes is influenced by various subfactors that have been identi- 
fied as contributing to or partly determining the levels or importance of the attributes. For 
example, Attention level is probably influenced by operational workload, proximity to 
enemy threats, crew interactions, and personal stress. 
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We need your judgements on two things: 





¢ The importance of each of the identified subfactors in influencing the levels of the 
six observer attributes, relative to the other subfactors of the same attribute. 


¢ The importance of each of the six major attributes for the overall target 
acquisition process during combat, relative to the other major attributes. 


The relative importance of the attributes and factors may depend to some extent on the 
kind of combat mission. Thus, in making your judgements of importance, consider a typi- 
cal ground combat mission such as the following: 


¢ The observer is in the field as part of a ground combat unit, involved in a quick 
response action in a Third World country. The combined action also includes 
military units from other nations. The action is a protracted one, expected to last 
for weeks or months. 


¢ Locations of targets in the combat area are not known, so active search 1s critical. 


¢ The possible targets may include enemy tanks, APCs, or other vehicles. Rules of 
engagement require that a target be positively identified prior to engagement. 


¢ The observer has available an advanced portable weapon such as the Javelin, but 
is relying primarily on direct vision to locate potential targets. The weapon’s 
sensor system may be used for identification, 1f needed. 
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1. Please answer each of the following questions based on your experiences and personal 
opinions. 


2. For each question, distribute a total of 100 points among the listed subfactors based on 
the contribution of each to the attribute listed. 


Example: To what extent are Good Grades in School affected by the following. 
Hard work te) 
Natural ability s 


Luck 80 


Personality 0 


Total = 100 





1. To what extent is an Observer's Attention Level affected by the following. 


Current operational workload 
e.g., The number of concurrent operational tasks that must be performed in addition to the 
Search task. 


Level of enemy threat 
e.g., The perceived probability of enemy contact. A higher perceived probability 1s regarded 
as increasing the observers attention level for this survey. 


Interactions with other members of immediate unit 
e.g., Crew coordination, the minimization of extraneous tasking of the observer by the actions 
of the other members of the crew, allowing the observer to concentrate on the search task. 


Personal stress 


e.g., Stress created by personal concerns, such as family, financial, career, etc., that distract the 
observer from the task at hand. 


Total=100 
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2. To what extent do the following increase an Observer's Distraction. 


Current operational intensity 
e.g., Level of combat in the observers general area, not necessarily involving the observer. 


Level of enemy threat 
e.g., The perceived probability of enemy contact. A higher perceived probability is regarded 
as increasing the observers level of distraction for this survey. 


Probability of observation system failure 
e.g., perceived likelihood of equipment malfunction/failure. 


Negative interactions with other members of immediate unit 


e.g., The interruption of the observers concentration or tasking by the actions of the other 
members of the observers immediate crew. 


Level of combat experience 
e.g., Amount of prior time in combat operations, including operations where combat did not 
actually occur but was expected. 


Level of combat training 
e.g., Amount and sophistication of training for combat operations. 


Target area extraneous distractions 
e.g., Civilian or Fniendly forces activity in observer's general area. 


Total=100 
3. To what extent do the following contribute to an Observer's Workload. 


Number and complexity of search/weapons systems 
e.g., Systems being used to perform the observation duties. 


Level of training using search/weapons systems 
e.g., Familiarity with, and knowledge of, the systems controls and displays. 


Level of experience using search/weapons systems 
e.g., Amount of hands-on time using current systems in realistic conditions. 


Likelihood of observation system failure 
e.g., perceived likelihood of equipment malfunction/failure. 


Total=100 
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4. To what extent do the following factors affect an Observer's Physical Stress and 
Fatigue. 


Length of operational involvement 
e.g., Time since start of current mission or operation. 


Cumulative time engaged with enemy 
e.g., Total time engaged in combat with enemy forces since start of mission or operation. 


Physical difficulty of operating search/weapon systems 
e.g., Actual physical effort required to operate the search equipment. 


Level of Observer's general health 
e.g., Physical condition of observer, such as healthy, sick, injured, etc. 


Environment 
e.g., Temperature, humidity, precipitation, etc. 


Level of protective gear required 
e.g., Chemical protective clothing, or MOPP, level, etc. 


Amount of sleep prior to mission or operation 
e.g., Amount of sleep or rest in the 36 hours preceding the start of the current mission or 
operation. 


Amount of sleep or rest during mission or operation 
e.g., Total amount of sleep or rest since start of current mission or operation. Does not need 
to be continuous sleep or rest. 


Availability of food and water 
e.g., Access to, and consumption of, food and water or other liquid that replaces lost body fluids. 


Total=100 
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5. To what extent do the following factors affect an Observer's Mental Stress. 


Level of enemy threat 
e.g., The perceived probability of enemy contact. A higher perceived probability is regarded 
as increasing the observers level of mental stress for this survey. 


Level of training using search/weapons systems 
e.g., Familiarity with, and knowledge of, the systems controls and displays. 


Level of experience using search/weapons systems 
e.g., Amount of hands-on time using current systems 1n realistic conditions. 


Observer's command level 
e.g., Level of command authority. Not necessarily the rank of the observer. 


Time available for search 
e.g., perceived amount of time available for search. May correspond to the perceived 
urgency of the search task. 


Likelihood of observation system failure 
e.g., perceived likelihood of equipment malfunction/failure. 


Personal Stress 


e.g., Stress created by personal concerns, such as family, financial, career, etc., that distract the 
observer from the task at hand. 


Total=100 
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6. To what extent do the following factors affect an Observer's Vigilance Level. 


Length of operational involvement 
e.g., Time since Start of current mission or operation. 


Amount of sleep prior to mission or operation 
e.g., Amount of sleep or rest in the 36 hours preceding the start of the current mission or 
operation. 

Amount of sleep or rest during mission or operation 
e.g., Total amount of sleep or rest since start of current mission or operation. Does not need 
to be continuous sleep or rest. 

Level of Observer's distraction 


e.g., The attribute Distraction as defined above 
Total=100 


7. To what extent do the following attributes affect Jarger Acquisition, given that the 
Target is visible. 


Observer's Attention Level 

Observer's Distraction 

Observer's Workload 

Observer's Physical Stress and Fatigue 
Observer's Mental Stress 


Observer's Vigilance Level 


Total=100 
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Using a scale of 0 - 100, with 100 representing the maximum possible and O the mini- 
mum possible, indicate the number which best fits the following descriptors as they relate 
to an Observer's probability of target acquisition. 


Example: 


Very High 


Low 





Very High |-----]-----]-----]-----]-----|-----]-----]-----]-----]-----| 

0 50 100 
High |-----]-----]-----]-----]-----|-----]-----]-----]-----]-----| 

0 50 100 
Moderately High |-----]-----]-----]-----]-----|-----]-----]-----]-----]-----| 

0 50 100 
Medium |-----]-----]-----]-----]-----|-----]-----]-----]-----]-----| 

0 50 100 
Moderately Low |-----]-----]-----]-----]-----]-----]-----]-----]-----]-----| 

0 50 100 
Low |-----]-----]-----]-----]-----|-----]-----]-----]-----]-----| 

0 50 100 
Very Low |-----]-----]-----]-----]-----|-----]-----]-----]-----]-----| 

0 50 100 
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COMMENTS 


a1 


APPENDIX B 


This section contains the complete source code for the fuzzy logic based human factors 
prototype program described in this study. The contents include the program variables and 
functions and the menu variables and functions of the files named FUZZY.LSP and 


MENU-ALL.LSP. 
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;; Fuzzy Logic Human Factors Program 
wale Name: FUZZY.LSP 

-- Author Marvin Miller, LT., USN 

;; Date: 1 March 1994 


;; Required to initialize and access 

;; Allegro Common LISP screen routines. 
(require :xcw) 

(use-package :cw) 


;; Variable used to build the fuzzy sets 

;; used by the rest of the program. 

;; Each of the composite sets 1s described 

;; by an access name, followed by the position 

;; of the peak value and the length of half the 

;; base of the fuzzy set, assuming Symmetric sets. 


icetmectsizes ((VL0.02.0) (L 1.6 2.0) (ML3.3 2.0) 
(M 5.0 2.0) (MH 6.7 2.0) (H 8.4 2.0) 
(VH 10.0 2.0))) 


;; Definitions for inputs. 


(setf VL 'VL vl 'VL) 
(Settle )L) 

(setf ML 'ML ml 'ML) 
(setf M 'M m'M) 

(setf MH 'MH mh 'MH) 
(setf H 'H h'H) 

(setf VH 'VH vh 'VH) 
(setfn 'n p 'p) 
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;; Place holders and general descriptions 

;; of the fuzzy sets used by the program. The 
;; actual membership values for the sets are 

;; determined at the start of the program and 

;; are dependent on the settings of the setSizes 
;; variable described above. 


(setf fuzzyVL '((1 0) (0.5 1) (0 2) (0 3) (0 4) (0 5) (0 6) (0 7) (0 8) (0 9) (0 10))) 
(setf fuzzyL '((0.5 0) (1 1) (0.5 2) (0 3) (0 4) (0 5) (0 6) (0 7) (0 8) (0 9) (0 10))) 
(setf fuzzyML '((0 0) (0 1) (0.5 2) (1 3) (0.5 4) (0 5) (0 6) (0 7) (0 8) (0 9) (0 10))) 
(setf fuzzyM '((0 0) (0 1) (0 2) (0 3) (0.5 4) (1 5) (0.5 6) (0 7) (0 8) (0 9) (0 10))) 
(setf fuzzyMH '((0 0) (0 1) (0 2) (0 3) (0 4) (0 5) (0.5 6) (1 7) (0.5 8) (0 9) (0 10))) 
(setf fuzzyH '((0 0) (0 1) (0 2) (0 3) (0 4) (0 5) (0 6) (0 7) (0.5 8) (1 9) (0.5 10))) 
(setf fuzzyVH '((0 0) (0 1) (0 2) (0 3) (0 4) (05) (06) (07) (0 8) (0.5 9) (1 10))) 


;; The following three functions are used to build 
;; the actual fuzzy sets used in this program. 


(defun compute Weight (element center base) 
(cond ((= element center) 1) 
((< element center) 
(/ (- element (- center base)) base)) 
((> element center) 
(/ (- (+ center base) element) base)))) 


(defun computeSets (sizes set) 

(let ((tempLow (- (second sizes) (third sizes))) 
(tempHigh (+ (second sizes) (third sizes)))) 
(dotimes (I (length set)) 

(cond ((and (<= I tempHigh) (>= I tempLow)) 
(setf (car (nth I set)) 
(compute Weight I (second sizes) 
(third sizes)))) 
(t (setf (car (nth I set)) 0.0))))) 
Set) 
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(defun initSets ( 
(setf finalOutput nil) 
(dotimes (J (length attributeList)) 
(setf (second (nth J attributeList)) nil) 
(setf (third (nth J attributeList)) nil) 
(dotimes (L (length (nth J masterList))) 
(setf (second (nth L (nth J masterList))) nil) 
(setf (third (nth L (nth J masterList))) nil))) 
(dotimes (I (length setSizes)) 
(cond ((eq (first (nth I setSizes)) VL) 
(setf fuzzy VL (computeSets (nth I setSizes) fuzzyVL))) 
((eq (first (nth I setSizes)) 'L) 
(setf fuzzyL (computeSets (nth I setSizes) fuzzyL))) 
((eq (first (nth I setSizes)) 'ML) 
(setf fuzzyML (computeSets (nth I setSizes) fuzzyML))) 
((eq (first (nth I setSizes)) 'M) 
(setf fuzzyM (computeSets (nth I setSizes) fuzzyM))) 
((eq (first (nth I setSizes)) 'MH) 
(setf fuzzyMH (computeSets (nth I setSizes) fuzzyMH))) 
((eq (first (nth I setSizes)) 'H) 
(setf fuzzyH (computeSets (nth I setSizes) fuzzyH))) 
((eq (first (nth I setSizes)) "VL) 
(setf fuzzyVH (computeSets (nth I setSizes) fuzzy VH)))))) 


;; Attaches fuzzy sets to variables based on the input 
5; access name. 


(defun init Vars (fuzzyset) 
(case (eval fuzzyset) 

(‘VL (setf temp (copy-alist fuzzy VL))) 
('L (setf temp (copy-alist fuzzyL))) 
(‘ML (setf temp (copy-alist fuzzyML))) 
(M _ (setf temp (copy-alist fuzzyM))) 
(‘MH (setf temp (copy-alist fuzzyMH))) 
(H (setf temp (copy-alist fuzzyH))) 
('VH (setf temp (copy-alist fuzzy VH))) 
(nil nil))) 
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;; Inverts values based on positive or negative effects 
;; of attribute or subfactor on performance. 


(defun invert (fuzzyset) 
(case (eval fuzzyset) 


(VH VL))) 


;; Weights fuzzy sets based on the importance of that 
‘- attribute or subfactor. 


(defun weightVars (fuzzyset weight) 
(cond ((listp (car fuzzyset)) 
(dotimes (I (length fuzzyset)) 
(weightVars (nth I fuzzyset) weight))) 
(t (setf (car fuzzyset) 
(* weight (car fuzzyset))))) 
fuzzyset) 


;; Performa the fuzzy union operation on a list of 
1 TUZZy SEIS: 


(defun fuzzyUnion (list) 
(setf tempSet (first list)) 
(dotimes (I (length list)) 
(dotimes (J (length (first list))) 
(setf (car (nth J tempSet)) 

(max (car (nth J tempSet)) 
(car (nth J (nth I list))))))) 

tempSet) 
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;; The following three functions perform the defuzzification 
;; Operation, using the Center of Sums method. 


(defun multSetPairs (set) 
(cond ((eq nil (cdr set)) 
(* (caar set) (cadar set))) 
(t (+ (* (caar set) (cadar set)) 
(multSetPairs (cdr set)))))) 


(defun addSet (set) 
(cond ((eq nil (cdr set)) 
(caar set)) 
(t (+ (caar set) (addSet (cdr set)))))) 


(defun defuzzify (set) 
(setf temp (addSet set)) 
(cond ((equal temp 0.0) 
(setf temp 0.00001))) 
(/ (/ (multSetPairs set) temp) 10)) 


-- Variable that holds the final value that is 
;; output by the program. 


(defvar finalOutput nil) 


;; The following are lists of subfactors for the 

;; attributes used by the program. The lists contain 

;; the subfactor name, placeholder for the subfactor 

;; weight, placeholder for the subfactor linguistic value, 

;; and n or p, based on whether the subfactor has a positive 
;; or negative affect on performance. 


(setf attentionList 
'(C"Workload" nil nil n) 
("Threat level” nil nil p) 
("Positive Crew Interaction” nil nil p) 
("Personal Stress" nil nil n))) 
(setf distractionList 
‘(Operational Intensity" nil nil n) 
("Threat level" nil nil n) 


("System Failure Probability” nil nil n) 
("Negative Crew Interaction” nil nil n) 
(Combat Experience" nil nil p) 
(Combat Training" nil nil p) 
("Extraneous Distractions" nil nil n))) 
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(setf workloadList 


‘(Number of Systems" nil nil n) 
("System Training Level" nil nil p) 
("System Experience Level" nil nil p) 
("System Failure Probability" nil nil n))) 


(setf phystressList 
("Operation Length" 
("Operational Intensity” 


nil nil n) 
nil nil n) 


("System Operation Difficulty” nil nil n) 
("Health" nil nil p) 
("Food / Water" nil nil p) 
("Environment” nil nil p) 
("Protective Clothing Level" nil nil n) 
("Sleep Prior to Mission" nil nil p) 
("Current Sleep" nil nil p))) 
(setf mentalstressList 
(CThreat Level" nil nil n) 
("System Training Level” nil nil p) 
("System Experience Level" nil nil p) 
(‘Command Level” nil nil n) 
("Time Available" nil nil p) 
("System Failure Probability" nil nil n) 
('Personal Stress" nil nil n))) 
(setf vigilanceList 
‘(Operation Length" nil nil n) 
(Distraction Level" nil nil n) 
("Sleep Prior to Mission" nil nil p) 
(“Current Sleep" nil nil p))) 
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;; List of attributes used by this program. 


(setf attributeList 
'(C'Attention Level” nil nil p) 
("Distraction Level” nil nil n) 
C'Workload" nil nil n ) 
("Physical Stress and Fatigue” nil mil n) 
(Mental Stress” nil nil n) 
("Vigilance Level” nil nil p))) 


*- List of sttribute variables attached to subfactors 
‘-- defined above. 


(defvar masterList 
*(attentionList distractionList 
workloadList phystressList 
mentalstressList vigilanceList)) 


;; Following function searches list of subfactors and 

;; returns the number of subfactors not set and the remaining 
;; part of 1.0 not accounted for by the weights of the 

;; subfactors already set. 


(defun searchList (setList) 
(let (temp! 1.0) 
(temp2 0) 
(temp3 setList)) 
(dotimes (I (length temp3)) 
(cond ((eq nil (second (nth I temp3))) 
(setf temp2 (1+ temp2))) 
(t (setf temp1(- temp] (second (nth I temp3))))))) 
(cond ((<= temp! 0.0) (setf temp] 0.00001 ))) 
(list temp] temp2))) 
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;; Function used to normalize weights to 1.0. 


(defun normalizeSets () 
(let ((temp1 0) 
(temp2 0)) 
(dotimes (I (ength attributeList)) 
(setf temp1 (+ temp] (second (nth I attributeList))))) 
(dotimes (I (length attributeList)) 
(setf (second (nth I attributeList)) (/ (second (nth I attributeList)) (temp1))) 
(dotimes (J (length (nth I masterList))) 
(setf temp2 (+ temp2 (second (nth J (nth I masterList)))))) 
(dotimes (J (length (nth I masterList))) 
(setf (second (nth J (nth I masterList))) 
(/ (second (nth J (nth I masterList))) temp2))) 
(setf temp2 0)))) 


;; Following function sets values of attributes and subfactors 
;; after their entry by the program user. 


(defun set Values (attrList attrSet &optional x1 x2) 
(cond ((eq x1 nil) (setf temp (searchList attrList)) 
(cond ((eq (second temp) O) (setf (second attrSet) 0.00001)) 
(t (setf (second attrSet) (/ (first temp)(second temp))))) 
(setf (third attrSet) M)) 
((numberp x1) (setf (second attrSet) x1) 
(cond ((eq nil x2) (setf (third attrSet) M)) 
(t (cond ((eq (car (last attrSet)) p) (setf (third attrSet) x2)) 
(t (setf (third attrSet) (invert x2))))))) 
(t (cond ((eq nil x2) (setf temp (searchList attrList)) 
(cond ((eq (second temp) 0) (setf (second attrSet) 0.00001)) 
(t (setf (second attrSet) (/ (first temp) (second temp)))))) 
(t (setf (Second attrSet) x2))) 
(cond ((eq (car (last attrSet)) p) (setf (third attrSet) x1)) 
(t (setf (third attrSet) (invert x1))))))) 
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;; Function that computes the final output value of the program. 


(defun computeFinalOutput (w) 
(let ((tempsetl nil) 
(tempset2 ())) 
(dotimes (I (length masterList)) 
(cond ((not (eq (second (searchList (nth I masterList))) Q)) 
(cond ((eq (second (nth I attributeList)) nil) 
(set Values attributeList (nth I attributeList)))) 
(setf tempsetl (weightVars (init Vars (third (nth I attributeList))) 
(second (nth IJ attributeList)))) 
(cond ((eq tempset2 nil) (setf tempset2 (list tempset1))) 
(t (setf tempset2 (append (list tempset1) tempset2))))) 
(t (dotimes (J (length (nth I masterList))) 
(cond ((eq tempset1 nil) (setf tempset1(weightVars 
(init Vars (third (nth J (nth I masterList)))) 
(second (nth J (nth I masterList)))))) 
(t (setf tempset1(fuzzyUnion (list tempset] (weight Vars 
(anit Vars (third (nth J (nth I masterList)))) 
second (nth J (nth I masterList))))))))) 
(cond ((eq (second (nth | attributeList)) nil) 
(set Values attributeList (nth I attributeList)))) 
(setf tempset i (weightVars tempset1 (second (nth I attributeList)))) 
(cond ((eq tempset2 nil) (setf tempset2 (list tempset1))) 
(t (setf tempset2 (append (list tempset!) tempset2)))))))) 
(setf tempset2 (fuzzyUnion tempset2)) 
(setf (window-stream-x-position w) (+ *x-origin* 250)) 
(setf (window-stream-y-position w) (+ *y-origin* 200)) 
(format w "FINAL OUTPUT => ~S~%" (defuzzify tempset2)))) 
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;; The following functions and variables make up the 
;; Simple menu system used in this prototype program to 
;; obtain input from the users of program. 


;; required for use of Allegro Common LISP screen functions. 


(require :xcw) 
(use-package :cw) 
(cw:initialize-common-windows :force t) 


; dimensions for x-y coord system (window size auto adjusts). 
(setf *x-origin® 75) 

(setf *x-length* 600) 

(setf *y-origin* 75) 

(setf *y-length* 400) 


;; set of acceptable linguistic variable inputs. 
(setf Lset '(VL v1 L] ML ml Mm MH mh Hh VH vh)) 


;; The following three functions display current values 
;; for final output variable, attributes, and subfactors. 


(defun finalDisplay (w) 
(setf (window-stream-x-position w) (+ *x-origin* 250)) 
(setf (window-stream-y-position w) (+ *y-origin* 200)) 
(format w "Final Output = ~F~%" finalOutput)) 


(defun attributeDisplay (w) 

(setf (window-stream-x-position w) (+ *x-origin* 125)) 

(setf (window-stream-y-position w) (+ *y-ongin* 100)) 

(dotimes (I (length attributeList)) 
(format w "~S" (first (nth J attributeList))) 
(setf (window-stream-x-position w) (+ *x-origin* 400)) 
(format w '"~S ~S~%" (second (nth I attributeList)) (third (nth I attributeList))) 
(setf (window-stream-y-position w) (+ *y-origin*® (- 85 (* I 15)))) 
(setf (window-stream-x-position w) (+ *x-origin* 125)))) 
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(defun subfactorDisplay (subfactorList w) 

(setf (window-stream-x-position w) (+ *x-origin* 125)) 

(setf (window-stream-y-position w) (+ *y-origin® 100)) 

(dotimes (I (length subfactorList)) 
(format w "~S" (first (nth I subfactorList))) 
(setf (window-stream-x-position w) (+ *x-origin* 400)) 
(format w "~S ~S~%" (second (nth I subfactorList)) (third (nth I subfactorList))) 
(setf (window-stream-y-position w) (+ *y-origin* (- 85 (* I 15)))) 
(setf (window-stream-x-position w) (+ *x-origin®* 125)))) 


;; The following function is used for simple input error detection. 


(defun errorl (type w) 
(setf (window-stream-x-position w) (+ *x-orgin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin* 5Q)) 
(setf (window-stream-foreground-color w) red) 
(case type (1 (format w "Error in entered numeric value.~%") 
(setf (window-stream-y-position w) (+ *y-origin* 35)) 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(format w "Press any key to return to menu.~%"’) 
(setf (window-stream-y-position w) (+ *y-origin* 20)) 
(setf (window-stream-x-position w) (+ *x-origin* 150)) 
(read-char w) 
(2 (format w "Error in entered linguistic value.~%") 
(setf (window-stream-y-position w) (+ *y-origin* 35)) 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(format w "Press any key to return to menu.~%") 
(setf (window-stream-y-position w) (+ *y-origin* 20)) 
(setf (window-stream-x-position w) (+ *x-origin* 150)) 
(read-char w))) 
(setf (window-stream-foreground-color w) black)) 
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;; Function converts string representation of input to 
;; list representation. 


(defun string-to-list (inString) 
(let ((tempList Q) 
(tempList2 ()) 
(temp inString)) 
(cond ((equal temp "") () 
(t (setf tempList (multiple-value-list (read-from-string temp))) 
(setf tempList2 (append tempList2 (list (first tempList)) 
(string-to-list (subseq temp (second tempList))))))))) 


;; Function controls menu for input of final output directly from user. 


(defun finalMenu (w) 

(clear w) 

(setf (window-stream-x-position w) (+ *x-origin* 125)) 

(setf (window-stream-y-position w) (+ *y-orngin* 275)) 

(format w "Final Output Menu~%") 

(setf (window-stream-y-position w) (+ *y-origin* 260)) 

(setf (window-stream-x-position w) (+ *x-origin* 125)) 

(format w "1. Enter Final Output as Numeric Value~%") 

(setf (window-stream-y-position w) (+ *y-origin* 245)) 

(setf (window-stream-x-position w) (+ *x-ongin* 125)) 

(format w "2. Enter Final Output as Linguistic Value~%") 

(setf (window-stream-y-position w) (+ *y-origin* 230)) 

(setf (window-stream-x-position w) (+ *x-origin* 125)) 

(format w 'A. Return to Top Menu~%") 

(setf (window-stream-y-position w) (+ *y-origin® 215)) 

(setf (window-stream-x-position w) (+ *x-origin*® 125)) 

(setf temp (car (String-to-list (read-line w)))) 

(case temp (1 (clear w) 
(setf (window-stream-x-position w) (+ *x-origin® 125)) 
(setf (window-stream-y-position w) (+ *y-origin* 275)) 
(format w "Enter Final Output Numeric Value~%") 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin* 260)) 
(format w "(Value must be in the range 0.0 to 1.0)~%") 
(setf (window-stream-x-position w) (+ *x-origin* 150)) 
(setf (window-stream-y-position w) (+ *y-origin* 245)) 
(setq finalOutput (read w)) 
(cond ((or (> finalOutput 1.0) (< finalOutput 0.0)) 

(error! 1 w) 
(finalMenu w))) 

(clear w) 
(setf (window-stream-x-position w) (+ *x-origin® 125)) 
(setf (window-stream-y-position w) (+ *y-origin® 150)) 
(format w "Final Output = ~S~%" finalOutput)) 


104 


ae 


(2 (clear w) 

(setf (window-stream-x-position w) (+ *x-origin* 125)) 

(setf (window-stream-y-position w) (+ *y-origin* 275)) 

(format w "Enter Final Output Linguistic Value~%") 

(setf (window-stream-x-position w) (+ *x-origin* 125)) 

(setf (window-stream-y-position w) (+ *y-origin* 260)) 

(format w "(Value must be one of the following.)~%") 

(setf (window-stream-x-position w) (+ *x-origin* 125)) 

(setf (window-stream-y-position w) (+ *y-origin* 245)) 

(format w "(VL, L, ML, M, MH, H, VH)~%") 

(setf (window-stream-x-position w) (+ *x-origin* 150)) 

(setf (window-stream-y-position w) (+ *y-origin* 230)) 

(let ((temp1 nil)) 

(setf temp] (car (string-to-list (read-line w)))) 
(cond ((not (member temp! Lset)) 
(error] 2 w) 
(finalMenu w)) 
(t (clear w) 
(setf (window-stream-x-position w) (+ *x-origin* 250)) 
(setf (window-stream-y-position w) (+ *y-origin* 200)) 
(format t "~S~%" temp1) 
(setf finalOutput (defuzzify (initVars (eval temp1)))) 
(format w "Final Output = ~S~%" finalOutput))))) 
((or a A) (topMenu w)))) 
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-- Function that controls attribute or subfactor selection. User can chose to enter attribute 
;; weights and/or linguistic values or to continue to the subfactor menus. 


(defun attrMenu (w) 
(clear w) 
(setf (window-stream-x-position w) (+ *x-origin*® 150)) 
(setf (window-stream-y-position w) (+ *y-origin* 275)) 
(format w "Attribute Menu~%") 
(setf (window-stream-x-position w) (+ *x-origin*® 125)) 
(setf (window-stream-y-position w) (+ *y-origin* 260)) 
(format w "1. Set Attribute weights and/or values~%") 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin* 245)) 
(format w "2. Set Subfactor weights and/or values~%") 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-ongin* 230)) 
(format w "A. Return to Top Menu~%") 
(setf (window-stream-x-position w) (+ *x-ongin* 150)) 
(setf (window-stream-y-position w) (+ *y-origin® 215)) 
(setf temp (read w)) 
(case temp (1 (clear w) 
(attrW ghtsMenu w)) 
(2 (clear w) 
(subfactorWghtsMenu w)) 
((or a A) (topMenu w)))) 


106 


;; Function to print out standard message of instructions for entering inputs. 


(defun inputMessage (ycoord w) 
(setf (window-stream-x-position w) (+ *x-ongin* 125)) 
(setf (window-stream-y-position w) (+ *y-orgin* ycoord)) 
(format w "Enter importance as a decimal percentage, e.g., .34.,~%") 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-orgin* (- ycoord 15))) 
(format w "and the linguistic variable in upper or lower case,~%") 
(setf (window-stream-x-position w) (+ *x-orgin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin* (- ycoord 30))) 
(format w "e.g., VL or! or MI or m or h or vVH.~%") 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin* (- ycoord 45))) 
(format w "Either or both entries may be omitted if default~%") 
(setf (window-stream-x-position w) (+ *x-origin® 125)) 
(setf (window-stream-y-position w) (+ *y-ongin* (- ycoord 60))) 
(format w "settings are desired.~%") 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-orgin* (- ycoord 75))) 
(format w "Default importance is a percentage based on the total~%") 
(setf (window-stream-x-position w) (+ *x-ongin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin*® (- ycoord 90))) 
(format w "number of nil-set attributes.~%") 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin* (- ycoord 105))) 
(format w "The linguistic variable value defaults to M<edium>.~%") 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin* (- ycoord 120))) 
(setf (window-stream-fore ground-color w) green) 
(format w "Example => ‘0.33 vI' or 'VH' or '0.2'~%") 
(setf (window-stream-foreground-color w) black) 
(setf (window-stream-x-position w) (+ *x-ongin* 150)) 
(setf (window-stream-y-position w) (+ *y-origin* (- ycoord 140)))) 
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;; Function that allows user to chose the particular attribute to enter. 


(defun attrWghtsMenu (w) 
(clear w) 
(setq temp nil) 
(setf (window-stream-x-position w) (+ *x-origin* 150)) 
(setf (window-stream-y-position w) (+ *y-origin* 275)) 
(format w "Attribute Weights and/or Values Menu~%") 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin* 260)) 
(dotimes (I (length attributeList)) 
(format w "~S. ~S~%" (1+ I) (first (nth I attributeList))) 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin* (- 245 (* I 15))))) 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (- (window-stream-y-position w) 15)) 
(format w "A. Return to Previous Menu~%") 
(attributeDisplay w) 
(setf (window-stream-x-position w) (+ *x-origin* 150)) 
(setf (window-stream-y-position w) (+ *y-origin* 150)) 
(setq temp (car (string-to-list (read-line w)))) 
(cond ((or (eq temp 'A) (eq temp ‘a)) 
(attrMenu w)) 
(t (clear w) 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin®* 275)) 
(format w "Enter importance of ~S attribute~%" 
(first (nth (1- temp) attributeList))) 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin* 260)) 
(format w "in overall acquisition performance followed by linguistic~%") 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin* 245)) 
(format w "variable value of the attribute.~%") 
(inputMessage 230 w) 
(setf temp] (string-to-list (read-line w))) 
(cond ((listp temp1) 
(cond ((eq (second temp1) nil) 
(setValues attributeList (nth (1- temp) attributeList) (first temp1))) 
(t (set Values attributeList (nth (1- temp) attributeList) 
(first temp1) (second temp1))))) 
(t (setValues attributeList (nth (1- temp) attributeList)))) 
(attrW ghtsMenu w)))) 
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;; Function for chosing the particular subfactor to enter after attribute is chosen. 


(defun subMenu (subListNum w) 
(clear w) 
(subfactorDisplay (nth subListNum masterList) w) 
(setf (window-stream-x-position w) (+ *x-ongin* 150)) 
(setf (window-stream-y-position w) (+ *y-ongin* 275)) 
(format w "Subfactor Menu for ~S attribute.~%" (first (nth subListNum attributeList))) 
(setf (window-stream-x-position w) (+ *x-ongin* 125)) 
(setf (window-stream-y-position w) (+ *y-ongin* 260)) 
(dotimes (I (length (nth subListNum masterList))) 
(format w "~S. ~S~%" (1+ D (first (nth I (nth subListNum masterList)))) 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin*® (- 245 (* I 15))))) 
(setf (window-stream-x-position w) (+ *x-ongin* 125)) 
(setf (window-stream-y-position w) (- (window-stream-y-position w) 15)) 
(format w "A. Return to Previous Menu~%") 
(setf (window-stream-x-position w) (+ *x-orgin* 125)) 
(setf (window-stream-y-position w) (- (window-stream-y-position w) 15)) 
(setq temp (read w)) 
(cond ((or (eq temp 'A) (eq temp ‘a)) (subfactorWghtsMenu w)) 
(t (clear w) 
(subfactorDisplay (nth subListNum masterList) w) 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-ongin* 300)) 
(format w "Enter importance of ~S subfactor~%" (first (nth (1- temp) 
(nth subListNum masterList)))) 
(setf (window-stream-x-position w) (+ *x-origin*® 125)) 
(setf (window-stream-y-position w) (+ *y-origin* 285)) 
(format w “in ~S attribute, followed by~%" 
(first (nth subListNum attributeList))) 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin* 270)) 
(format w "the linguistic variable value of the subfactor.~%") 
(inputMessage 230 w) 
(setf temp] (string-to-list (read-line w))) 
(cond ((listp temp!) 
(cond ((eq (second temp1) nil) (set Values (nth subListNum masterList) 
(nth (1- temp) (nth subListNum masterList)) 
(first temp1))) 
(t (setValues (nth subListNum masterList) 
(nth (1- temp) (nth subListNum masterList)) 
(first temp1) (second temp1))))) 
(t (setValues (nth subListNum masterList) 
(nth (1- temp) (nth subListNum MasterList))))) 
(subMenu subListNum w)))) 
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;; Function that allows user to chose particular attribute whose subfactors are to be 
;; entered by the user. 


(defun subfactorWghtsMenu (w) 
(clear w) 
(setf (window-stream-x-position w) (+ *x-origin* 150)) 
(setf (window-stream-y-position w) (+ *y-origin* 275)) 
(format w "Subfactor Weights and/or Values Menu~%") 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin* 260)) 
(dotimes (I (length attributeList)) 
(format w '"~S. ~S Subfactors~%" (1+ I) (first (nth I attributeList))) 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin* (- 245 (* 1 15))))) 
(setf (window-stream-x-position w) (+ *x-origin*® 125)) 
(setf (window-stream-y-position w) (- (window-stream-y-position w) 15)) 
(format w "A. Return to Previous Menu~%") 
(setf (window-stream-x-position w) (+ *x-origin* 150)) 
(setf (window-stream-y-position w) (+ *y-origin* 100)) 
(setq temp (car (string-to-list (read-line w)))) 
(cond ((or (eq temp 'A) (eq temp ‘a)) 
(attrMenu w)) 
(t (clear w) 
(subfactorDisplay (nth (1- temp) masterList) w) 
(subMenu (1- temp) w)))) 
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;; Function that calls initialization functions for the fuzzy logic program, sets up 
;; the display window, and starts the menuing system. 


(defun startMenu () 
(initSets) 
(setf *display* 
(make-window-stream 
cit 
-bottom | 
‘width (+ *x-length* (* 2 *x-ongin*)) 
‘height (+ *y-length* (* 2 *y-ongin*)) 
-background-color white 
:‘foreground-color black 
‘inner-region-left 
‘inner-region-bottom 
‘-Inner-region-width 
‘inner-region-height 
‘title “Fuzzy Human Factors Program” 
‘activate-p t)) 
(setf font] (open-font :times :plain 16)) 
(topMenu *display*)) 
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;; Function that allows the user to chose entry of a final output directly or 
;; allows the user to proceed to the attribute and subfactor menus. 


(defun topMenu (w) 

(clear w) 
(setf (window-stream-x-position w) (+ *x-ongin* 150)) 
(setf (window-stream-y-position w) (+ *y-ongin* 275)) 
(format w "TOP MENU~%") 
(setf (window-stream-x-position w) (+ *x-ongin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin* 260)) 
(format w "1. Final Output Menu~%") 
(setf (window-stream-x-position w) (+ *x-orngin* 125)) 
(setf (window-stream-y-position w) (+ *y-orgin* 245)) 
(format w "2. Attribute Menu~%") 
(setf (window-stream-x-position w) (+ *x-origin* 125)) 
(setf (window-stream-y-position w) (+ *y-origin* 230)) 
(format w "A. Exit and Compute Final Output~%") 
(setf (window-stream-x-position w) (+ *x-origin* 150)) 
(setf (window-stream-y-position w) (+ *y-origin* 215)) 
(setq temp (read w)) 
(case temp (1 (clear w) 

(finalMenu w)) 

(2 (clear w) 
(attrMenu w)) 
((or a A) (clear w) 
(computeFinalOutput w)))) 
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